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You're proud of your work, and you should be. The work you do 
impacts ali our lives, but goes unseen by most—that's why it needs to 
be perfect. As an engineer, designing PCBs is a core function of your 
job. Day in and day out, you live in the tool. You need the right tools 
to balance creativity, productivity, and simply getting things done. VVith 
OrCAD®, you can: 


Route faster and more accurately with advanced routing technology 



Collaborate on ali design domains 
at every step of your design 

Build libraries önce, automatically, 
and easily find the perfect part 


Register and start your free trial now at 
www.orcad.com/free-trial 


FREE OrCAD TRİAL 
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ÖUASAR 

electronics 


Quasar Electronics Limited 

PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 

Tel: 01279 467799 
Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 
Web: www.quasarelectronics.co.uk 


01279 


Ali prices INCLUDE 20.0% VAT. Free UK delivery on orders över £35 
Postage & Packing Options (Up to 0.5Kg gross vveight): UK Standard 3-7 
Day Delivery -£3.95; UK Mainland Next Day Delivery -£8.95; Europe 
(EU) -£12.95; Rest of World - £14.95 (upto0.5Kg). 

Order online for reduced price Postage (from just £3) 

Payment: We accept ali majör credit/debit cards. Make PO’s payable to 
Quasar Electronics Limited. 

Please visit our online shop now for full details of över 1000 electronic 
kits, projects, modules and publications. Discounts for bulk guantities. 


Card Sales 
& Enquiries 


467799 


Solutions for Home, Education & Industry Since 1993 


PIC & ATMEL Programmers Controllers & Loggers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 

40-pin VVide ZIF socket (ZIF40VV) £9.95 
18Vdc Power supply (661.130UK) £23.95 
Leads: Parallel (LDC136) £2.56 | Serial 
(LDC441) £2.75 | USB (LDC644) £2.14 


PIC Programmer & 

Experimenter Board 
Great learning tool. 

Includes programming 
examples and a repro- 
grammable 16F627 
Flash Microcontroller. Test buttons & LED 
indicators. Software to compile & program 
your source code is included. Supply: 12- 
15Vdc. Pre-assembled and ready to use. 
Order Code: VM111 - £38.88 £30.54 



USB PIC Programmer and Tutor Board 
The only tutorial 
project board you 
need to take your 
first steps into 
Microchip PIC 
programming us- 
ing a PIC16F882 (included). Lateryou can 
use it for more advanced programming. 
Programs ali the devices a Microchip 
PICKIT2® can! Use the free Microchip tools 
for PICKit2™ & MPLAB® IDE environment. 
Order Code: EDU10 - £46.74 



ATMEL 89xxxx Programmer 

Uses serial port and 
any Standard terminal 
comms program. 4 
LED’s display the 
status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £32.95 £21.95 
Assembled ZIF: AS3123ZIF- £48.96 £37.96 



USB /Serial Port PIC Programmer 

Fast programming. 

VVide range of PICs 
supported (see web- 
site for details). Free 
Windows software & 

ICSP header cable. 

USB or Serial connec- 
tion. ZIF Socket, leads, PSU not included. 
Kit Order Code: 3149EKT - £49r96 £29.95 
Assembled Order Code: AS3149E - £44.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.96 £49.95 



PICKit™2 USB PIC Programmer Modüle 

Versatile, low cost, 

PICKit™2 Development 
Programmer. Programs 
ali the devices a Micro¬ 
chip PICKIT2 program¬ 
mer can. Onboard sockets & ICSP header. 
USB povvered. 

Assembled Order Code: VM203 - £39.54 






Flere are just a few of the controller and data 
acquisition and control units we have. See 
website for full details. 12Vdc PSU for ali 
units: Order Code 660.446UK £10.68 


USB Experiment Interface Board 
Updated Version! 5 ü$&* a 

digital inputs, 8 digital 
outputs plus two ana- 
logue inputs and two 
analogue outputs. 8 bit 
resolution. DLL. 

Kit Order Code: K8055N - £39.95 £22.74 
Assembled Order Code: VM110N - £39.95 

2-Channel High Current UHF RC Set 

State-of-the-art high .... 

security. Momentary or 
latching relay outputs 
rated to switch up to 
240Vac @ 12 Amps. 

Range up to 40m. 15 
Tx’s can be learnt by one Rx. Kit includes 
one Tx (more available separately). 9-15Vdc. 
Kit Order Code: 8157KT - £44.95 
Assembled Order Code: AS8157 - £49.96 

Computer Temperature Data Logger 
Serial port 4-ch temperature 
logger. °C/°F. Continuously 
log up to 4 sensors located 
200m+ from board. Choice 
of free software applications 
downloads for storing/using 
data. PCB just 45x45mm. Povvered by PC. 
Includes one DS18S20 sensor. 

Kit Order Code: 3145KT - £19.95 £16.97 
Assembled Order Code: AS3145- £22.97 
Additiorıal DSİ8S20 Sensors - £4.96 each 

8-Channel Ethernet Relay Card Modüle 

Connect to your router 
vvith Standard netvvork 
cable. Operate the 8 
relays or check the 
status of input from 
anywhere in world. 

Use almost any internet browser, even mo- 
bile devices. Email status reports, program- 
mable timers... Test software & DLL online. 
Assembled Order Code: VM201 - £134.40 

Computer Controlled / Standalone 
Unipolar Stepper Motor Driver 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar step¬ 
per motor rated up to 6 
Amps. Provides speed 
and direction control. 

Operates in stand-alone 
or PC-controlled mode for CNC use. Con¬ 
nect up to six boards to a single parallel port. 
Board supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179- £24.95 


Many items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 






Bidirectional DC Motor Speed Controller 

Control the speed of 
most common DC 
motors (rated up to 
32Vdc/5A) in both 
the forvvard and 
reverse directions. 

The range of control 
is from fully OFF to fully ON in both direc¬ 
tions. The direction and speed are controlled 
using a single potentiometer. Screw terminal 
block for connections. PCB: 90x42mm. 

Kit Order Code: 3166KT - £19.95 
Assembled Order Code: AS3166 - £25.95 

8-Ch Serial Port Isolated 1/0 Relay Modüle | 

Computer controlled 8 
channel relay board. 

5A mains rated relay 
outputs and 4 opto- 
isolated digital inputs 
(for monitoring switch V 
States, ete). Useful in a variety of control and 
sensing applications. Programmed via serial 
port (use our free Windows interface, termi¬ 
nal emulator or bateh fileş). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108- £89.95 

Infrared RC 12-Channel Relay Board 

Control 12 onboard relays 
vvith included infrared re- 
mote control unit. Toggle 
or momentary. 15m+ in- 
door range. 112 x 122mm. 

Supply: 12Vdc/500mA 
Kit Order Code: 3142KT - £64.96 £59.96 
Assembled Order Code: AS3142 - £69.96 

Temperature Monitor & Relay Controller 
Computer serial port 
temperature monitor & 
relay controller. Ac- 
cepts up to four Dallas 
DS18S20 / DS18B20 
digital thermometer sensors (1 included). 

Four relay outputs are independent of the 
sensors giving flexibility to setup the linkage 
any way you choose. Commands for reading 
temperature / controlling relays are simple 
text strings sent using a simple terminal or 
coms program (e.g. FlyperTerminal) or our 
freeWindows application. Supply: 12Vdc. 

Kit Order Code: 3190KT - £7&96 £49.96 
Assembled Order Code: AS3190 - £59.95 

3x5Amp RGB LED Controller vvith RS232 

3 independent high 
povver channels. 

Preprogrammed or 
user-editable light 
sequences. 

Standalone or 2-wire 
serial interface for 
microcontroller or PC communication with 
simple command set. Suits common anode 
RGB LED strips, LEDs, incandescent bulbs. 
12Atotal max. Supply: 12Vdc. 69x56x18mm 
Kit Order Code: 8191 KT - £29.95 
Assembled Order Code: AS8191 - £29.95 
































QUASAR 

electronics 


ebele 


Official UK Main Dealer 


Stocking the full range of Cebek & Velleman 
Kits, Mini Kits, Modules, Instruments, 
Robots and more... 


2-Ch WLAN Digital Storage Scope 

Compact, portable battery povvered 
fully featured two channel oscillo- 
scope. Instead of a built-in sereen it 
uses your tablet (İOS, Android™ or 
PC (Windows) to display the meas- 
urements. Data exchange between 
the tablet and the oscilloscope is via 
W LAN. USB lead ineluded. 

Code: VVFS210 - £79.20 ine VAT & Free UK Delivery 



LCD Oscilloscope Self-Assembly Kit 
Build your own oscilloscope 
kitvvith LCD display. Learn 
how to read signals with this 
exciting new kit. See the 
electronic signals you learn 
about displayed on your own 
LCD oscilloscope. Despite 
the low cost, this oscilloscope has many features found 
on expensive units, like signal markers, frequency, dB, 
true RMS readouts. 64 x 128 pixel LCD display. 

Code: EDU08 - £49.99 ine VAT & Free UK Delivery 



200 Watt Hi-Fi Amplifier, Mono or Stereo (2N3055) 
Self-assembly kit based 
on a tried, tested and relia- 
ble design using 2N3055 
transistors. Relay soft start 
delay circuitry. Current 
limiting loudspeaker pro- 
teetion. Easy bias adjust- 
ment. Circuit consists of 
two separate elass AB 
amplifiers for a STEREO 
output of up to 100 VVatts RMS 
MONO output of up to 200W ı 
mounted components and large pre-drilled heatsink. 
Order Code 1199KT - £69.95 ine VAT & Free UK delivery 



! 4Q / channel or a 
! 40. Includes ali board 


2MHz USB Digital Function Generator for PC 
Connect with a PC via USB. 

Standard signal waves like 
sine, triangle and reetangle 
available; other sine waves 
easily created. Signal waves 
are created in the PC and 
produced by the function 
generator via DDS (Direct 
Digital wave Synthesis). 2 equal outputs + TTL Sync 
output. Output voltage: ImVtt to lOVtt @ 600 Ohms. 
Code: PCGU1000 - £161.95 ine VAT & Free UK delivery 
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PC-Scope 1 Channel 32MS/s With Adapter 
0Hz to 12MHz digital storage 
oscilloscope, using a Com¬ 
puter and its monitor to dis¬ 
play vvaveforms. Ali Standard 
oscilloscope funetions are — 
available in the free Win- 
dows program supplied. İts fi — : 

operation is just like a normal oscilloscope. Connection 
is through the computer's parallel port, the scope is 
completely optically isolated from the Computer port. 
Supplied with one insulated probe x1/x10. 

Code: PCS100A - £124.91 ine VAT & Free UK Delivery 


2-Channel PC USB Digital Storage Oscilloscope 
Uses the power of your PC to 
visualize electrical signals. 

High sensitivity display resolu- 
tion (down to 0.15mV), high 
bandwidth and sampling fre- 
quency up to 1 GHz. Easy set- 
| up USB connection. No exter- 
nal power required! İn the field measurements using a 
laptop have never been this easy. Stylish vertical space 
saving design. Povverful free Windows softvvare. 

Code: PCSU1000 - £246.00 ine VAT & Free UK Delivery 



H 
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Four Legged AIIBot Kit 
From the AIIBot modular robot 
system with Arduino® compati- 
ble robot shields. Build and 
enhance the robot, learn how to 
program, use the app and have 
fun! Includes ali necessary 
plastic parts, 4 x 9G servo mo- 
tors, a servo motor connector 
shield (VRSSM), a battery shield (VRBS1). 

Code: VR408 - £104.34 ine VAT & Free UK delivery 



PC USB Oscilloscope & Function Generator 
Complete USB-powered Lab- 
in-a-Box! Free feature-packed 
softvvare for tvvo channel oscil¬ 
loscope, speetrum analyser, 
recorder, function generator 
and bode plotter. VVith the gen¬ 
erator, you can create your 
ovvn vvaveforms using the inte- 
grated signal vvave editör. For 
automated measurements, it is 
even possible to generate vvave sequences, using file 
or Computer RS232 input. 60MHz scope probe ineluded 
Code: PCSGU250 - £135.60 ine VAT & Free UK Delivery 




www. OuasarElectronics. co. uk 


E&OE 


Secure Online Ordering Facilities • Full Product Listing, Descriptions & Images • Kit Documentation & Softvvare Dovvnloads 








































UK readers you can m ®®[°) 
on every issue of EPE 

How would you like to pay £3.75 instead of £4.65 for your copy of EPE ? 



Well you can - just take out a one year subscription and save ©XfJ) an issue, or ffiKîtfTî) över the year. 
You can even save®L‘û® an issue if you subscribe for two years - a total saving of 

Overseas rates also represent exceptional value 

You also: 

• Avoid any cover price increase for the duration of your subscription 

• Get your magazine delivered to your door each month 

• Ensure your copy, even if the nevvsagents seli out 

Order by phone, or fax with a credit card, or by post with a cheque or postal order, or buy online from 
www.epemag.com (go to the Online Shop). 
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SUBSCRİPTİON prices 

Subscriptions for delivery direct to any address in: 

UK: 

6-months £24.00, 12-months £45.00, 24-months £85.00; 

Europe Airmail: 6-months £30.00, 12-months £56.00, 
24-months £107.00; 

Rest Of The World Airmail: 6-months £37.00, 
12-months £70.00, 24-months £135.00. 

Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. 
Dept., VVimborne Publishing Ltd., 113 Lynvvood Drive, 
Merley, VVimborne, Dorset, BH21 1UU. Tel: 01202 
880299. Fax: 01202 843233. 

Email: fay.kearn@wimborne.co.uk. Also via our secure 
online shop at: www.epemag.com, 

Subscriptions start with the next available issue. VVe 
accept MasterCard or Visa. (For past issues see the Back 
Issues page.) 

ONLINE SUBSCRİPTİONS 

Online subscriptions, for reading the magazine via the Internet, 
£21.00 for one year, visit www.epemag.com for more details. 


SUBSCRİPTİON order 
FORM 

□ 6 Months: UK £24.00, Europe £30.00 (Airmail), Rest Of The 

World £37.00 (Airmail) 

□ 1 Year: UK £45.00, Europe £56.00 (Airmail), Rest Of The 
World £70.00 (Airmail) 

□ 2 Years: UK £85.00, Europe £107.00 (Airmail), Rest Of The 

World £135.00 (Airmail) 

To: Everyday Practical Electronics, 

VVimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
VVimborne, Dorset BH21 1UU 
Tel: 01202 880299 Fax: 01202 843233 
E-mail: fay.kearn@wimborne.co.uk 

I enclose payment of £.(cheque/PO in £ sterling 

only), payable to Everyday Practical Electronics 

□ Please charge my Visa/Mastercard 

My card number is:. 

Please print clearly, and check that you have the number correct 

Signature. 

Card Security Code. Valid From Date 

(The last 3 digits on or just under the signature strip) 

Card Ex. Date . 

Name . 

Address . 

Post code. Tel. 

Subscriptions can only start with 
the next available issue 
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STORE YOUR BACK ISSUES ON CD-ROM 



Order on-1i ne from 
www.epemag.com (go to the UK store) 
or by phone, fax, email or post 


1 ““""S” mm m 


VOLİ: 

VOL 2: 
VOL3 
VOL 4 
VOL 5 
VOL 6 
VOL 7 
VOL 8 
VOL 9 


BACK ISSUES- January 1999 to June 1999 
Plus some bonus material from Nov and Dec 1998 


BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 


VOL 10 

BACK ISSUES - 

VOL 11 

BACK ISSUES - 

VOL 12 

BACK ISSUES - 

VOL 13 

BACK ISSUES - 

VOL 14 

BACK ISSUES - 

VOL 15 

BACK ISSUES - 

VOL 16 

BACK ISSUES - 

VOL 17 

BACK ISSUES - 

VOL 18 

BACK ISSUES - 

VOL 19 

BACK ISSUES - 

VOL 20 

BACK ISSUES - 

VOL 21 

BACK ISSUES - 

VOL 22 

BACK ISSUES - 

FIVE YEAR W 
DVD/CD-ROMs I 

NOW AVAİLABLE j 


July 1999 to December 1999 
January 2000 to June 2000 
July 2000 to December 2000 
January 2001 to June 2001 
July 2001 to December 2001 
January 2002 to June 2002 
July 2002 to December 2002 
January 2003 to June 2003 
July 2003 to December 2003 
January 2004 to June 2004 
July 2004 to December 2004 
January 2005 to June 2005 
July 2005 to December 2005 
January 2006 to June 2006 
July 2006 to December 2006 
January 2007 to June 2007 
July 2007 to December 2007 
January 2008 to June 2008 
July 2008 to December 2008 
January 2009 to June 2009 
July 2009 to December 2009 


FIVE YEAR CD/DVD-ROMs 

No.1 - Jan ’03 to Dec ’07 
No.2 - Jan ’04 to Dec ’08 
No.3 - Jan ’05 to Dec ’09 
No.4 - Jan ’06 to Dec ’IO 
No.5-Jan ’07 to Dec’11 
No.6 - Jan ’08 to Dec ’12 
No.7 - Jan ’09 to Dec ’13 
No.8 - Jan ’IO to Dec ’14 
No.9-Jan ’11 to Dec’15 
No.10 - Jan ’12 to Dec ’16 


No.11 - Jan ’13to Dec ’17 


NOTE: These DVD/CD-ROMs are suitable for use on any PC 
with a DVD/CD-ROM drive. They require Adobe Acrobat Reader 
(available free from the Internet - www.adobe.com/acrobat) 

WHAT IS INCLUDED 

Ali volumes include the EPE Online content of every listed issue. Please 
note that we are unable to answer technical queries or provide data 
on articles that are more than f ive years old. Please also ensure that 
ali components are stili available before commencing construction 
of a project from a back issue. 
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BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
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VOL 35: BACK ISSUES 


January 2010 to June 2010 
July 2010 to December 2010 
January 2011 to June 2011 
July 2011 to December 2011 
January 2012 to June 2012 
July 2012 to December 2012 
January 2013 to June 2013 
July 2013 to December 2013 
January 2014 to June 2014 
July 2014 to December 2014 
January 2015 to June 2015 
July 2015 to December 2015 
January 2016 to June 2016 



BACK ISSUES - July 2016 to December 2016 


VOL 37: BACK ISSUES - 

January 2017 to June 2017 


ACK ISSUES DVD/CD-ROM ORDER FORM 

Please send me the following Back İssue DVD/CD-ROMs. 
Volüme Numbers:. 


Price £16.45 each, £29.95 for Five Year DVD/CD-ROMs 

includes postage to anywhere in the world. 

Name. 


Address 


Post Code. 

□ I enclose cheque/P.O./bank draft to the value of £. 

□ please charge my Visa/Mastercard £. 

Card No. 

Card Security Code. . . . . (Thelast3digitsonorjustunderthesignaturestrip) 

Valid From.Expiry Date. 


SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 

E-mail: fay.kearn@wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque or bank 
draft drawn on a UK bank. 

Normally posted vvithin seven days of receipt of order. 
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Limited time offer only 


ZEN50 


Zener Diode Analyser 

(ine. LEDs, TVSs ete) 


LCR45 


di r Use code 
EPE10 
during checkout 


LCR and Impedance Meter 
with Auto and Manual modes 


DCA75 


Advanced Semiconductor 
Analyser and Curve Tracer 


fw; 


r£J 


£99.90 

with T discount! 




Online upgradeable 

The popular DCA Pro features a graphics display shovving 
you detailed component schematics. Built-in USB 
offers amazing PC based features 
too such as curve tracing and 
detailed analysis in Excel. PC 
softvvare supplied on a USB 
Flash Drive. Includes Alkaline 
AAA battery and comprehensive 
user guide. 


“A very capable analyser” 

RadCom 


DCA55 


Semiconductor Analyser 
- Identify your semi’s 


VVith backlit display and AAA battery 

Connect any way round to identify the type of component and 
the pinout! Also measures many parameters ineluding 
transistor gain, base-emitter voltages, MOSFET thresholds, 
LED voltages ete. Complete with a comprehensive illustrated 
user guide. Includes an Alkaline battery so you’re ready to go 
straightavvay. 

-Transistors (ineluding NPN/PNP, darlingtons, Si & Ge). 

- Measure h FE , Vbe and leakage. 

- Diodes and LEDs. Measure V F . 

- MOSFETs. Measure V GS (th). 

- Gold plated hook probes. 

-Long battery life. 

-Free teehnieal 

supportforlife. 

-Comprehensive 
instruetion book. 

-2yearwarranty. 


with 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.uk 


Atlas House, 2 Kiln Lane 
Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 


UK designed and manufactured 


It’s only possible to show summary specifications here. Please ask if you’d like detailed data. Further Information is also available on ouı 


'ou’re not happy. 


Great for hobbyists and professionals 

Introducing a powerful LCR meter that not only identifies and 
measures your passive components (Inductors, Capacitors and 
Resistors) but also measures complex impedance, magnitude of 
impedance with phase and admittance too! Auto and Manual test 
modes allow you to specify the test frequency and component type. 

- Continuous fluid measurements. 

- Improved measurement resolution: (<0.2pH, <0.2pF). 

- Test frequencies: DC, 1kHz, 15kHz, 200kHz. 

- Measure the true impedance of speakers and more. 

- Great for hobbyists and professionals. 


Now with backlit display and AAA battery 

The Atlas ZEN (model ZEN50) is perfect for testing Zeners 
(ineluding Avalanche diodes), varistors, transient voltage 
suppressors, LEDs (and LED strings) and many other components. 


- Measure Zener Voltage (from 0.00 up to 50.00V!) 

- Measure Slope Resistance. 

- Selectable test current: 2mA, 5mA, 10mA and 15mA. 

- Very low duty eyele to minimise temperature rise. 

- Continuous measurements. 

- Single AAA battery (ineluded) with very 

- Gold plated croc elips ineluded. 

- Can measure forward voltage of 

and 
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ELft-Z ELECTRONICS 

Super-accurate analogue clock 

We ali appreciate the superb precision of digital clocks, but they do tend 
to lack a certain something when it comes visual ‘warmth’ - you can’t 
imagine a digital clock becoming a much-loved family heirloom in the way 
that a beautiful old grandfather timekeeper might. On the other hand, that 
accuracy is pretty much vital these days - and they don’t need winding up! 

True, there are analogue clocks driven by digital technology, but they 
usually lack the süper accuracy of GPS-synchonised clocks. Not anymore 
though - now you can have the best of both worlds with our super-accurate 
GPS-synchronised Analogue Clock Driver. Not only will it let you have the 
Standard accuracy of an ordinary quartz-driven analogue clock, but now 
it will even synch up with satellite time and take account of your local 
Daylight Saving Time protocols. I hope you enjoy reading this project, and 
of course building it. 
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PROJECTS AND CIRCUITS 

Ali reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. VVe 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptör. 

COMPONENT SUPPLIES 

VVe do not supply electronic components or kits for 
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VVe advise readers to check that ali parts are stili 
available before commencing any project in a back- 
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ADVERTİSEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 

TRANSMITTERS/BUGS/TELEPHONE 

EOUIPMENT 

VVe advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 


Thank you Max 

You will see from this month’s 
Cool Beans that sadly we must say 
goodbye to our resident blogger, 
tinkerer, design guru and world- 
renowned Hawaiian shirt expert, 

Clive ‘Max’ Maxfield. There are only 
so many crazy designs, international 
conferences and websites that any one 
man can be master of, and so Max has 
(reluctantly) decided that he needs to 
focus on slightly fewer projects and 
has penned his final column for EPE 

Max has been writing in EPE for 
nearly eight and half years and by 
my reckoning he must have notched 
up the best part of a century of 
contributions. Despite residing in 
Alabama for the last few decades, his 
Sheffield accent reveals his true roots, 
and so, as befits a true Yorkshireman, 
he retires 100 - not out. 



Thank you Max for ali your fantastic articles and truly terrible jokes - we 
wish you the best of luck for the future. 
























Rebooting high fidelity in digital music - report by Barry Fox 


F ix the music and the hardware 
will look after itself’, Bob 
Stuart, founder of Meridian Audio 
and creator of MQA (the Master 
Quality Authenticated system for 
online audio distribution), told the 
fourth annual Futuresource Audio 
Collaborative conference held in 
London in November. 

Stuart was taking part in a panel 
discussion on the ‘VVorld of Luxu- 
ry Audio’. While fellow panellists 
including Stuart Tickle, managing 
director AWE Europe (smart home 
technology distribütör and trade 
trainer) and Victor d’Allance, gen¬ 
eral manager UK and Ireland, De- 
vialet, the French top-end audio 
company, debated the meaning of 
‘luxury’ as ‘something to be proud 
of, Stuart took a different, simpler 
line. ‘When the music source is 
high quality there will be an incen- 
tive for manufacturers to make au¬ 
dio equipment that does it justice. 
It is not a matter of pride, it’s a mat- 
ter of enjoyment.’ 

This is terribly important’, he ex- 
plained after the event. ‘With vinyl 
they made the record önce, as well as 
they could. Then digital convenience 
became the selling point, and the 
record companies had to find ways 
of reducing the data rate and band- 
width to cope with the storage and 
transmission technology available at 
the time. One record company had to 
make 56 different digital file types - 
one short of Heinz’s ‘57 varieties’. 

‘It was a disaster for audio. A whole 
generation now thinks it is normal 
for sound to come out of one-inch 
speakers. But with MQA coding we 
can get music out of a celi phone with 
the sound quality of a studio. When 
the signal has been properly received 
and decoded an LED light comes 
on. Önce you have convenience and 
quality we can stop the discussion. 


Accessing assets 

‘The challenge for us is no longer the 
technology; it’s getting the assets. 
The three majors - VVarner, Univer- 
sal and Sony - have been amazing. 
We have now finished MQA-encod- 
ing ali their 24-bit masters. That’s 



Sonos One - a smart speaker that listens 
to your commands with six directional mi- 
crophones. Its noise-cancelling technology 
enables it to hear during loud music. 

20,000 albums, ali at lMbps or less. 
It’s taken a year. By 1 December 
2017 we will have encoded 1.5 mil- 
lion, 16-bit songs.’ 

Bob Stuart then revealed that 
MQA is now developing hardware 
to enable live encoding, on the fly. 
VVhereas coding existing recordings 
involves several stages, or passes, 
the live encoder has to do every- 
thing in one pass. 

‘This is important for radio and 
live music event streaming. We 
have had radio for around a hun- 
dred years and it went from AM to 
FM and then to rubbish, with low 
quality DAC chips. People think the 
sound of reproduction is the sound 
of a kitchen radio. This is the reboot 
of audio’. 


Opening up Sonos 

In an earlier keynote speech, Adriaan 
Thierry, managing director EME A and 
AMPAC, Sonos, had sought to dispel 
the notion that Sonos is more about 
luxury, style and convenience than 
audio substance. Sonos is now open¬ 
ing a showroom in London’s Covent 
Garden, which is modelled on its 
venue in New York and has ‘acousti- 
cally designed’ listening rooms. 

Although the Sonos platform has 
so far been proprietary and ‘closed’, 
Thierry revealed that över the past 
year Sonos has been piloting a more 
öpen approach, with 100 develop- 
ers experimenting with interfaces to 
mesh Sonos with other products. In 
2018, he said, Sonos will öpen the 
platform to anyone, with a certifi- 
cation and licence scheme that lets 
third parties mark their products 
‘VVorks with Sonos’. 

Sonos was ‘taken by surprise’ at 
the speed with which voice control 
caught on with consumers, Adriaan 
Thierry admitted, and is already 
opening its platform to Alexa, Google 
and Apple Siri. The challenge, he 
said, was to make a Sonos speaker 
play loud, but stili hear voice com¬ 
mands. The recently launched Sonos 
One, he said, has six microphones 
pointing in different directions, with 
noise cancellation. 

The next step, he says, is to let own- 
ers play music whose title they can- 
not remember, by describing the re¬ 
cord sleeve. ‘Play the albüm with the 
red cover art’, he gave as an example. 

But Sonos has ‘no plans’ for mobile 
devices, Adriaan Thierry confirmed, 
‘because there are stili many mil- 
lions of homes to equip’. 

High-end portable 

Meanwhile, another company has 
joined the MQA fold. British Hi-Fi 
company iFi Audio (sister to high- 
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Rebooting high fidelity in digital music - continued 


end audio manufacturer Abbingdon 
Music Research) specialises in high- 
end DACs and portable listening ac- 
cessories, and has incorporated MQA 
out of the box in its new Nano İDSD 
Black Label battery-powered portable 
DAC and headphone amplifier. 

Nano supports PCM up to 
3 2-bit/3 84kHz and quad-rate DSD at 
256 times the CD sampling rate, with 
dual-mono analogue amplification 
and ‘High Res’ certification by the Ja- 
pan Audio Society. The Black Label 
tag is a nod to top-end Scotch Whis- 
ky, and the price is £199. Battery 
life is claimed to be 10 hours, with 
no drain on an iPhone or Android 
mobile when connected by Standard 
OTG (On The Go) USB A-type cables. 

The Nano also incorporates the 
same technology that is used in Ear 
Buddy, a recently launched small 
plug-and-play socket device that 


attenuates the output of a music 
portable without losing resolution. 
iFi says it designed Ear Buddy be- 
cause modern music portables typi- 
cally have a digital volüme control, 
which loses two bits when control- 
ling volüme. So 16-bit CD resolu¬ 
tion is reduced to 14 bits when the 
digital volüme control is set at 60 
per çent for comfortable listening. 
Ear Buddy attenuates the output by 
15dB, allowing digital control to be 
set at full volüme. 

Ear Buddy costs £20, but the Nano 
Black Label has two headphone out- 
puts, one with the Ear Buddy-style 
attenuation built-in and one with- 
out. The Nano has an analogue vol¬ 
üme control, so the user can set the 
mobile digital volüme on 100% and 
manually adjust listening volüme 
level in the analogue domain, with- 
out losing bits. 


Power from graphene 

P hysicist Paul Thibado, at the 
University of Arkansas has 
discovered that graphene has 
naturally occurring ripples as its 
atoms vibrate in response to ambient 
temperature. He says, “This is key to 
using the motion of 2D materials as a 
source of harvestable energy”. Unlike 
atoms in a liquid, which move in 
random directions, atoms connected 
in a sheet of graphene move together 
(the ripples). This means their energy 
can be collected using existing 
nanotechnology. 

Thibado has started designing a 
device that can turn this energy into 
electricity using a negatively charged 
sheet of graphene suspended between 
two metal electrodes. When the gra¬ 
phene flips up, it induces a positive 
charge in the top electrode, and when 
it flips down, it charges the bottom 
one, creating an alternating current. 


Mighty trio prepares for electric flight take off 



A irbus, Rolls-Royce, and Siemens 
have formed a partnership to 
develop a flight demonstrator which 
will be a significant step forward 
in hybrid-electric propulsion for 
commercial aircraft. 

The E-Fan X hybrid-electric tech¬ 
nology demonstrator is anticipated 
to fly in 2020 following comprehen- 
sive ground tests, provisionally on a 
BAe 146 flying testbed, with one of 
the aircraft’s four gas türbine engines 
replaced by a 2MW electric motor. A 
second gas türbine will be replaced 


with an electric motor önce system 
maturity has been proven. 

The E-Fan X will explore the chal- 
lenges of high-power propulsion Sys¬ 
tems, such as thermal effects, electric 
thrust management, altitude and dy- 
namic effects on electric systems and 
electromagnetic compatibility issues. 

Each partner will contribute with 
their extensive experience in their 
respective fields of expertise. Air¬ 
bus will be responsible for overall 
integration, as well as the control 
architecture of the hybrid-electric 


propulsion system and batteries, and 
its integration with flight Controls. 
Rolls-Royce will be responsible for 
the turbo-shaft engine, 2MW genera- 
tor, and power electronics. And Sie¬ 
mens will deliver the 2MW electric 
motors and their power electronic 
control unit, as well as the inverter, 
DC/DC converter, and power distri- 
bution system. 

Paul Stein, Rolls-Royce, chief tech¬ 
nology officer, said: ‘The E-Fan X 
enables us to build on our wealth of 
electrical expertise to revolutionise 
flight and welcome in the third gen- 
eration of aviation. This is an excit- 
ing time for us as this technological 
advancement will result in Rolls- 
Royce creating the world’s most 
powerful flying generator. 

The partners aim to meet the EU 
technical environmental goals of the 
European Commission’s Flightpath 
2050 Vision for Aviation (reduction 
of C02 by 75%, reduction of NOx by 
90% and noise reduction by 65%). 
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Optimise Your Povver 
Delivery Solutions 

UPD360 - USB Povver Delivery Controller 




Microchip's Power Delivery (PD) Controller, UPD360, is a USB-IF certified USBType-C™/PD 
Controller. UPD360 integrates the functional blocks required for USBType-C and PD 
Communications, which includes Vconn FETs and port povver controllers. UPD360 can 
operate in a standalone mode or a companion mode, interfacing to MCUs, embedded 
controllers or USB hubs över PC/SPI interface. UPD360 can be designed into applications 
that require USB connectivity, alternate protocols (viz. Display Port) and manage povver 
(as a Source or Sink) up to 100 W över USBType-C connectors. 

Highlights 

► USBType-C and povver delivery functionality 

► Integrated povver svvitch 

► Integrated Vconn FETs 

► Dead battery support 

► PC/SPI interface 



m c:KECT Microchip 

www.microchipdirect.com 

www.microchip.com/UPD360 


The Microchip name and logo and the Microchip logo are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. USB Type-C and USB-C are trademarks of the USB Implementers Forum. Ali 
othertrademarks are the property of their registered ovvners. © 2017 MicrochipTechnology İne. Ali rights reserved. DS00002566A. MEC2190Eng11/17 



Old names for new 


'TechnoTalk ~ 

k i 



Mark Nelson 


Two îconic brand names from the past have just been resuscitated, even though there’s nothing retro 
about the products they are being applied to. Is it synchronicity? Or just nostalgia for the good old days? 
Read on and make up your own mind! 


REMEMBER THE SLOGAN ‘FINE 

Sets, these Fergusons’? No? That’s a 
shame, because I certainly do. When I 
was a youngster we had a large Ferguson 
mains radio -1 listened to the Home and 
Light programmes, and ‘Your Station of 
the Stars’, Radio Luxembourg. 

So what’s afoot? Well, as mentioned 
briefly in last month’s News section, 
British TV manufacturer Çello 
Electronics, which makes ali of its 
products at its Bishop Auckland 
factory, has relaunched the Ferguson 
brand in the UK. Initially, the name 
will be applied to 4K UHD TVs, fitted 
with 50 to 75-inch LED screens. The 
company is already well established 
in a number of niche markets, and 
made the headlines when it brought 
out the world’s first solar powered 
TV. The 22-inch LED set has built-in 
CAM/card decryption, making it ideal 
for use in Africa, where TV channels 
are scrambled and no mains electricity 
is available in remote areas. It also has 
a USB port that can be used for mobile 
phone charging. 

Back in the 1960s, 70s and 80s, 
Ferguson was a majör brand in 
consumer electronics, when it was 
part of the Thorn EMİ empire. After 
being acquired by Thomson of France, 
the brand’s presence began to slip 
and it ended up with Technicolor 
of France. For Brian Palmer, CEO 
at Çello Electronics, the availability 
of the Ferguson brand was a clear 
opportunity for this proudly British 
manufacturer. As he enthuses: ‘I 
started out in this business selling 
Ferguson to consumers and truly 
understand the trust people had in 
the brand över the years. Having now 
come full circle, I am proud to have 
the opportunity to bring this iconic 
brand back into the UK market.’ 

Splurge vvarning 

Did you splurge ‘loadsamoney’ on 
home automation at Christmas time? 
No? That’s a relief, because now is 
not the time. That’s what a survey 
by market analysts Juniper Research 
(effectively) States. Although Amazon 
Echo, Google Home, Sonos One and 
(from next year) Apple HomePod will 
be installed in 55% of US households 
in two years’ time, early adopters will 
lose out. Juniper argues that hardware 


and software vendors stili have a way 
to go in making cross-assistant usage 
smoother and more intuitive. I take 
this to mean today’s implementation 
is far too clunky, flaky and proprietary 
(device-specific). Personally, I have 
no time for intrusive room ornaments 
listening into my private conversations 
and Juniper suggests that the majority 
of voice-based interaction will involve 
smartphones, not omnidirectional 
loudspeaker-earwiggers. 

Get your Cs for free? 

No, it’s not money for nothing, but 
refers to electronics made from 
entirely natural materials that are 
free for the gathering. And whereas 
Theresa May’s magic money tree is a 
purely imaginary concept, the Chinese 
really do have a magic capacitor tree. 
In fact, millions of them, as New 
Scierıtist magazine reported recently. 
The tree is from the genus Paulovvnia, 
also known as the Phoenix tree. Many 
roads in northern China are lined 
with these trees, which drop copious 
amounts of leaves that are usually 
burnt, exacerbating the country’s air 
pollution problem. 

But no w, a team led by Hongfang Ma 
at the Qilu University of Technology in 
Jinan has discovered a way of turning 
phoenix tree leaves into organic 
capacitors. These, the magazine say s, 
could be used like batteries to store 
energy, potentially reducing some of 
that air pollution into the bargain. 
And although the manufacturing 
process releases some carbon dioxide, 
it is not nearly as much as that yielded 
from leaf decay or bonfires. Simply 
explained, the leaves are cleaned 
and dried, then ground into a fine 
powder. Boiling the result in water and 
filtering out any ash or contaminants 
produces a brown powder of carbon 
microspheres. Further treatment makes 
the carbon material exhibit excellent 
supercapacitive performance, much 
better at storing charge than similar 
supercapacitors made from coal. Fred 
Cannon at Penn State University in the 
USA is not convinced, however, and 
fears that the natural inconsistency in 
leaf properties might make the idea 
hard to commercialise. ‘Leaves are less 
consistent in their character,’ he States. 
‘Supercapacitors made from them 


would be variable in their character, I 
would anticipate.’ He adds that other 
bio-trash materials have been tried 
already, including coconut shells, rice 
husks and banana fibre. Nevertheless, 
the Chinese supercapacitors made from 
Phoenix tree leaves outperform those 
made from other natural materials. 


Plessey is back — again! 

Some years back, trade paper 
Electronics VVeekly cited Plessey as 
one of the most famous names in 
semiconductors. The brand vanished 
after the merger with GEC, which 
subsequently disappeared as well. The 
Plessey name lived on in South Africa, 
where a subsidiary company saw no 
reason to drop the decades-old name, 
and it reappeared in the UK when 
a British distribütör brought in its 
telephone Systems from Africa. Now 
renamed Dimension Data Advanced 
Infrastructure 
and part of the 
Japanese NTT 
group (formerly 
N i p p o n 


1 II 1 J 


Telegraph and 
Telephone). It 
stili operates 
in telecomms (IP 
telephony and 

unified Communications) but has also 
expanded into security systems. 

Then, in 2013, the Plessey 
Semiconductors name - and the 
iconic ‘scope trace emblem - were 
revived to manufacture state-of-the-art 
semiconductors at the originalPlessey- 
built fabrication facility outside 
Swindon. And now, using much 
updated facilities at the plant created 
by Plessey in the 1980s at Plymouth, 
it is not just the only LED maker in 
the UK, but the only LED maker in the 
world commercially producing LEDs 
on Silicon substrates. Plessey is also 
a leading expert in the manufacture 
of semiconductor products used in 
sensing, measurement and Controls 
applications, and is now at the 
forefront of the solid-state lighting 
revolution. For ali this, obtaining an 
existing established brand was critical. 
The company’s current CEO, Canadian 
Michael LeGoff, is convinced that the 
Plessey name played a majör role, 
saying: ‘It has opened a lot of doors.’ 
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Traditional clocks (with hands) are fairly accurate - but every now and 
then you have to get them down off the wall and adjust them so they show 
the real time. And daylight saving means you have to adjust it twice a year 
anyway! Wouldn’t it be nice if the clock adjusted itself so it was ALVVAYS 
100% spot on AND adjusted itself for daylight saving? Build this GPS 
Analogue Clock Driver and your wishes will come true! 


B attery-powered quartz crystal 
clocks are inexpensive, look 
good hanging on the wall and 
for many people, they are the preferred 
way to check the time. 

But (despite what many people 
think) they usually aren’t that accurate, 
drifting by as much as two seconds per 
day, which means they can be out by 
up to one minute after a month. 

And you have to remember to change 
them twice a year if you have daylight 
saving time (DST) in your area. That’s 
especially troublesome if the clock is 
mounted up high since you need to get 
up on a ladder or chair to adjust the 
time. VVouldn’t it be nice if you never 
had to do that again? Well, at least until 
it’s time to change the battery... 

This design replaces the electron- 
ics in a Standard quartz wall clock 
with a controller that always knows 
the correct time, thanks to the Global 
Positioning Satellite (GPS) system. 

It uses an inexpensive ($25) GPS 
modüle to get the precise time from 
orbiting atomic clocks and a micro- 
controller to drive clock hands. 

It will run for up to two years on 
two alkaline AA cells (or one year with 
a sweep second hand movement) and 
över that period will keep the time ac¬ 
curate to within one second. 


If you don’t know the difference 
between ‘sweep’ and ‘stepped’, a 
sweep second hand appears to rotate 
in a continuous movement, while a 
stepped second hand will appear to 
‘jump’, usually in one-second steps. 

If your clock has a stepped second 
hand, you can even program your 
local DST rules into the clock using 
a USB cable from your Computer 
and then, when the time comes, the 
clock will automatically go forward 
or back by an appropriate amount of 
time. It does this by either advancing 



Fig.l: inside a typical quartz clock 
mechanism with stepped second hand, 
showing the modifications we made to 
terminate the connecting leads to the 
stepper motor coil. 


the second hand twice per second, 
or not at ali, until the time shown is 
correct again. 

For clocks with step hands, ali you 
have to do is set ali three hands to the 
12 o’clock position before inserting 
the battery. The controller will use its 
onboard GPS modüle to get the current 
time and then step the clock hands at 
high speed around the dial until it has 
reached the correct time. It will then 
drop back into normal timekeeping 
mode with the time derived from a 
32,768Hz crystal oscillator. 

For clocks with sweep hands, the 
procedure is similar, but rather than 
setting it to 12 o’clock, you set it to 
the next full half hour and the firm- 
ware will then wait an appropriate 
amount of time before driving the 
clock mechanism, so that the time 
shown is correct. 

To conserve the battery, the GPS 
modüle is only used to synchronise 
the clock every 44 hours and following 
synchronisation, the clock will either 
skip seconds or double-step to reach 
the correct time. 

After synchronisation, the micro- 
controller is also able to calculate the 
inherent inaccuracy of its crystal oscil¬ 
lator and will then compensate by oc- 
casionally skipping or double-stepping 
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Drives virtually any battery-povvered quartz clock movement 
Works with a sweep or stepped second hand 

Long battery life from two AA cells: about one year for clocks with 
sweep second hand and two years for stepped second hand 

Small enough to mount on the back of most clocks 
Time synchronised to GPS satellites every 44 hours (configurable) 
Can use a variety of GPS modules, including low-cost types 
Automatically skips or adds extra seconds to keep clock accurate 
Automatically trims internal crystal oscillator based on GPS updates 

Automatically sets time when fresh cells are inserted (with 
stepped second hand only) 

Automatically adjusts for Daylight Saving Time (with stepped 
second hand only) 


a second, without the GPS modüle 
needing to be powered up. 

This process can also compensate 
for aging of the crystal and will keep 
the clock accurate between synchro- 
nisations. This also means that you 
will probably never even notice the 
clock making a correction; the time 
will simply be right! 

Battery status monitoring 

The controller monitors the 
battery voltage and when it has 
droppedbelow 2V (ie, IVper celi), the 
microcontroller will stop the clock at 
a convenient position. 

For clocks with stepped hands, it 
will stop at exactly 12 o’clock before 
the battery is so flat that it can no 
longer drive the mechanism. 

You then replace the battery and it 
will then automatically advance to the 
correct time again. 

For clocks with sweep hands, the 
firmware will halt the clock at exactly 
the hour or half-hour position. Before 
you replace the battery you need to 
set the hands to the next hour or half 
hour, but hopefully, you will not have 
to mess with the second hand because 
it should have stopped at the exact 12 
o’clock position. 

Either way, if during operation the 
GPS signal level drops to a point that 
is too low for the modüle to get a lock 
on enough satellites, the clock will 
stop at exactly five minutes before the 
hour/half hour. Similarly, if the GPS 
modüle stops running altogether, the 
clock will stop at 10 minutes before. 
These indications make it easy to 
differentiate between a low battery 
and something more serious. In either 
event, the firmware will try to acquire 
a GPS lock again ten times with a 
4-hour delay between each attempt 
before it gives up. This gives the GPS 
modüle plenty of opportunities to 
come good. 

Internally, the firmware measures 
time in eighths of a second. This al- 
lows for much finer tracking of errors 
and control of where the clock’s hands 
are pointing. 


Theoretically, it will mean a higher 
degree of accuracy, although this is 
offset to some extent by the fact that 
most clocks with sweep hands will 
lose a fraction of a second when they 
start up. This is something that the 
firmware is not aware of and cannot 
correct for. 

Revised design 

Astute readers (or those with long 
memories!) may recall our original 
GPS-synchronised Analog Clock ar- 
ticles from March 2011 issues, which 
was for clocks with step hands. 

This new design works with either 
type of movement (step or sweep) and 
features a number of benefits över the 
earlier design. 

The EM-408 modüle used in that 
project is now obsolete and difficult 
to get; the VK2828U7G5LF modüle 
we are using this time is substantially 
cheaper and has a number of ben¬ 
efits including support for GALILEO 
(European) and GLONASS (Russian) 
positioning satellites in addition to the 
GPS (United States) system. 

In fact, it can use satellites from 
ali three systems simultaneously to 
increase the chance of getting a signal 


indoors, as a GPS fix relies on receiv- 
ing signals from multiple satellites 
(normally at least three). 

This modüle is based on the u-blox 
Neo-7 chip and has slightly better 
sensitivity than the previously used 
EM-408, with a specified tracking 
sensitivity of -162dBm compared to 
-159dBm. 

It also has a slightly lower current 
drain, at around 30mA compared to 
44mA. Plus it has a faster ‘cold start’ 
average time of 26 seconds compared 
to 42 seconds, meaning it doesn’t 
need to be powered up for as long to 
get the time. 

We have also substantially increased 
the power efficiency of the GPS mod¬ 
üle supply. While the GPS modüle is 
only powered up about önce every two 
days, it does draw significant current 
during that time, and so any improve- 
ment in efficiency should extend bat¬ 
tery life both through draining less 
charge each time, as well as reducing 
the temporary voltage drop due to the 
load on the cells, which may push 
them below the IV cut-out threshold. 

We have also ditched the old- 
fashioned DB9/DE9 serial cable and 
fitted a micro-USB port so that you can 




BASIC STEPPER MOTOR - AT REST AFTER FIRST ' ODD ' SECONDS PULSE 


AFTER NEXT 'EVEN' SECONDS PULSE 


Fig.2: the clock motor consists of a multi-pole permanent magnet rotor inside a circular gap in a soft-iron stator. It’s 
made to step in one direction by reversing the polarity of the current pulse at each step. 
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Fig.3: a sweep hand clock movement 
which has had the original crystal-based 
driver board removed and a pair of wires 
connected to the motor coil instead. 


easily hook it up to your Computer to 
set up the DST rules and make other 
setting tweaks. 

How it works 

A Standard battery-operated wall clock 
uses a crystal oscillator and binary 
divider to generate a pulse önce per 
second which drives a simple step- 
per motor and, via gears, the hands 
of the clock. 

The motor consists of a coil with a 
soft iron core and a small bar magnet 
(the rotor) positioned in the magnetic 
field (see Fig.l). When an alternating 
current flows through the coil, this 
causes an alternating magnetic field 
and the rotor rotates to follow this 
field. It is this rotation that, via gears, 
drives the clock’s hands (see Fig.2). 

The crystal oscillator is normally 
quite accurate, especially when the 
clock is new - but it’s affected by age, 
temperature and battery voltage, ali 
of which can add up to 14 seconds a 
week. Our circuit replaces the clock’s 
electronics and generates compatible 
pulses to drive the stepper motor. 

A clock with sweep hands works 
essentially the same way except that 
its gearing has a higher reduction ra- 
tio, so many more pulses are needed 
to advance the hands by one second 
(see Fig.3). 

This allows the pulses to be pro- 
duced more-or-less continuously so 
the hand moves in a smooth manner. 
In exchange for a greater battery drain 
(due to the much higher duty cycle 
operating the motor), you eliminate the 
‘tick-tick-tick’ noise, making for a much 
more luxurious timekeeping (and, for 
some people, sleeping!) experience. 

By contrast with the Standard 
clock, at the heart of our circuit is 
a PIC16LF88 microcontroller which 
uses a 32,768Hz watch crystal to drive 
a timer within the chip. 

This timer generates an interrupt 
which is used by the software running 
on the microcontroller to keep time 
and also generate pulses to drive the 
clock motor. 


Fig.4 shows how the clock motor is 
drivenby the microcontroller. One end 
of the clock coil is connected to the 
junction of the two (nominally) 1.5V 
cells, while the other end is driven by 
three paralleled output pins which can 
momentarily be connected to Vdd, Vss 
or left open-circuit. 

The resulting bipolar waveform for 
continuous sweep hand clocks has 16 
pulses per second, while the waveform 
for stepping hands is similar but has 
just one pulse per second (positive or 
negative). 

Fig.5 shows a scope grab of this same 
waveform, without the mechanism 
connected, while Fig.6 shows the same 
waveform with the coil in-circuit. 

For clocks with sweep hands, the 
rotor in the clock’s movement has a 
certain amount of momentum which 
keeps it spinning while driven by this 
pulse train, so it never stops. This is 
different to the stepping clock move¬ 
ment where the voltage pulse on the 
coil pulls the rotor around and then 
stops it dead - önce every second - 
thereby creating that ticking sound. 

Besides driving the motor, the soft- 
ware also needs to keep track of time, 


calculate the DST State and time zone 
offset, as well as periodically power 
up the GPS receiver and interpret its 
output. 

As a result, the software is really 
quite complex. As an illustration of 
this complexity, drafting the circuit 
took just a few hours, while the soft- 
ware took many weeks to develop. 

A normal clock cycle starts at the 
beginning of each second. The timer 
generates an interrupt which causes 
the processor (CPU) in the micro¬ 
controller to wake up and execute 
the interrupt code. The program will 
perform some calculations (more on 
this later) and then simultaneously 
drive output pins 15,17 and 18 either 
high or low. It then sets the timer to 
generate another interrupt after a few 
tens of milliseconds and promptly 
puts itself back to sleep. 

When the timer expires again, it 
wakes the CPU up and the program 
sets these outputs back to being high- 
impedance. 

If the clock has a stepping hand, 
its job is done and it can wait until 
the next ‘tick’ and repeat the whole 
process. But if it has a sweep hand, 
it will set the timer to wake up again 
after another short period to deliver 
the next driving pulse. 

During the sleep period, everything 
except the crystal oscillator and the 
timer is shut down, resulting in a cur¬ 
rent drain of only a few microamps by 
the microcontroller. 

In addition, the CPU in the micro¬ 
controller will run at full speed for 
only 60-100ps while processing an 
interrupt, so the total current drawn 
by the microcontroller is negligible. 

Most of the current, in fact, is drawn 
by the clock stepper motor - which 
is the case with a ‘Standard’ battery- 
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Fig.4: the ne w driving arrangement 
for the clock motor. With this 
configuration, the microcontroller 
can apply positive or negative 
pulses of 1-1.5V amplitude 
to the coil. Three outputs are 
connected in parallel for better 
drive strength. The output 
waveform for stepped second 
hands is shown at top and sweep 
at bottom. Pulse durations can be 
adjusted in the set-up menü. 
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Fig.5: this scope screen grab shows the output signal from pins 
15, 17 and 18 of microcontroller ICl with no load connected 
and is measured with the centre point of the cells as the ground 
reference. 


■\0 Agilent Technologies 



Fig.6: the same measurement as in Fig.5 but with the clock 
movement connected. The voltage spikes are created by the 
motor’s inductance each time the drive current is reduced to 
zero. They are clipped by schottky diodes D3 and D4. 


operated clock (see the box: Calculat- 
ing Battery Life). 

At the start of each second, the pro¬ 
gram compares where the clock hands 
are actually positioned and where we 
would like them to be. Depending on 
the result of this comparison, the pro¬ 
gram may bring the clock’s hands closer 
in agreement to the correct time by 
skipping a pulse to the clock’s stepper 
motor or by generating a double step. 

For example, when DST starts, the 
software simply adds 3600 seconds 
(one hour) to the desired position and 
the clock will then automatically ‘fast 
forward’ until it is an hour ahead. 

When it is time to synchronise (ie, 
önce every 44 hours), rather than going 
back to sleep after handling the inter- 
rupt, the micro switches on power to the 
boost regülatör which provides either 
3.3V or 5V to the GPS modüle. This is 
derived from the 2-3V battery voltage. 

Önce the GPS modüle has acquired 
enough satellites to get an accurate 
time reading, the microcontroller ex- 
tracts this from the serial data stream 
and converts it into an internal rep- 
resentation (seconds since 1 January, 
2000), applies the time zone offset, 
calculates if DST applies, calculates 
the internal crystal oscillator error, 
and so on - ali the steps necessary to 
keep the clock showing the right time. 

When it has finished and the current 
time setting is confirmed as correct, the 
GPS modüle is powered down and the 
unit goes back to normal operation. 

The GPS modüle 

We normally use a GPS modüle to find 
our position on the globe. However, the 
GPS system is based on time signals 
derived from extremely accurate atomic 
clocks, so the UTC time is also supplied 
in the GPS receiver output. 


In fact, most time Standard bodies 
around the world use the GPS system 
as a ‘Standard beacon’ to transfer ac¬ 
curate clock readings between each 
other. And let’s face it, at £20, a GPS 
modüle is a tad cheaper than an atomic 
clock - even a used one! 

Most GPS modules follow the NMEA 
(National Marine Electronics Asso- 
ciation) Standard for data output and 
generate a serial data stream at 4800 or 
9600 baud, with eightbits per character. 
They generally use a TTL-level version 
of the RS-232 serial protocol. 

The NMEA Standard also describes 
the content of the data and we use 
the RMC (Recommended Minimum 
data) message, which is part of the 
default output for almost every GPS 
modüle made. 

You don’t have to use the 
VK2828U7G5LF modüle; any GPS 
modüle which can run off 3.3V or 5V 
and supply a TTL-level RS-232 stream 
at 9600 baud should work. 

But keep in mind that if its sensitivity 
is inferior to the VK2828’s, or the cur¬ 
rent drain is higher, your clock might 
not work as well as our prototype. 

Stepping or sweep hands? 

Believe it or not, some people actu¬ 
ally like the ‘tick, tick, tick’ sound of 
stepped clocks and find them soothing 
and conducive to sleep. 

Others may find that noise terribly 
annoying. So it’s really up to you; just 
keep in mind that if you choose a clock 
with continuous sweep hands, you will 
be changing the battery more often. 

Also note that if you are using a 
clock with sweep hands, the DST ad- 
justment cannot take place automati¬ 
cally and you will also need to do a 
bit of extra work whenever you insert 
fresh cells (see below for details). 


While it’s quite hard to find clocks 
with a battery-powered continuous 
sweep movement, the movements 
are readily available on eBay and Ali 
Express for just a few dollars. 

So if you want a sweep hand clock, 
we suggest you purchase a clock based 
on its appearance, then replace its 
mechanism. You can do that at the 
same time as fitting the GPS timekeep- 
ing modüle. Just make sure to purchase 
a movement with the correct shaft 
diameter and length. 

Basically, önce you have your clock, 
take the hands off the shaft and then 
remove the movement from the clock. 
Measure the shaft diameter and length 
and find a sweep movement with an 
equivalent shaft. 

The replacement movements are 
often advertised along with shaft di- 
mensional diagrams so you can match 
them to your clock. A good place to 
look is aliexpress.com - search for 
‘JL6262’ and you’ll find mechanisms 
for under a fiver (including delivery). 

Many of the movements are also 
supplied with hands, so you can de- 
cide whether to keep the hands that 
came with your clock or replace them 
with the new ones. 

If you want to try to purchase a clock 
with sweep hands, then the search 
terms that are worth using in conjunc- 
tion with ‘clock’ are: ‘sweep’, ‘continu¬ 
ous sweep’, ‘silent’ and ‘mute’. 

By the way, if you have a clock with 
a failed movement but you prefer a 
stepping second hand, Ali Express and 
eBay are also an excellent source of 
low-cost replacement stepping move¬ 
ments, so you can keep your favourite 
clock in operation almost indefinitely. 

Note that the Circuit is exactly the 
same for driving either type of move¬ 
ment, the only difference is in the 
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firmware; you simply program the 
chip with the firmware appropriate to 
the type of movement you are using. 

Sweep hand driving limitations 

Because the motor on a clock with a 
continuous sweep second hand needs 
to be driven constantly, rather than just 
delivering the occasional pulse, and 
since the motor is designed to operate 
at a certain speed, it can only really be 
sped up or slowed down by around 
6%. This is perfectly fine for making 
one or two second adjustments to keep 
the clock accurate, but it would take 
too long to make up an hour during 
DST transitions. 

As a result, if you want automatic 
DST adjustments, you need to use 
a clock movement with a stepping 
second hand. 

Having said that, manual DST 
adjustments on a clock with sweep 
hands is not that difficult; you let the 
clock continue to operate, driving the 
second hand, and wind the minute/ 
hour hands backward or forward by an 
hour (or whatever the appropriate time 
period is) and ensure that the minute 
hand agrees with the position of the 
second hand as it sweeps around. This 
is much easier than having to find an 
accurate time source to completely 
reset the clock. 

Also, when using a clock with a 
stepping hand and inserting a fresh 
pair of cells, you simply set the hands 
to the 12 o’clock position and the 
clock will then advance the hands to 
the correct time. This is not possible 
for the same reason as stated above, 
so with a clock with a sweep second 
hand, what you do is set the time to 
the next half hour (eg, if it’s 11:18, set 
it to 11:30) and it will then wait until 
the hands are in the correct position 
before driving the movement. 

Circuit description 

The full Circuit is shown in Fig.7 
and the key component is ICl, the 
PIC16LF88 microcontroller. This 
drives the clock’s stepper motor, Con¬ 
trols the power to the GPS modüle and 
interprets the output of the modüle. 

Note that the LF version of the 
PIC16F88 is guaranteed to operate 
down to 2V, while the Standard ver¬ 
sion is only rated to work down to 4V. 
Having said that, you may well find 
that a Standard PIC16F88 will operate 
without fault to below 2V; it just isn’t 
guaranteed. 

The 10kQ resistor and 470pF ca- 
pacitor connected to pin 4 of ICl (via 
a lkf2 current-limiting resistor) serve 
to hold the microcontroller in reset 
for a few seconds after the battery is 
connected. This provides enough time 


for you to properly seat the cells in 
the holder before the microcontroller 
starts executing its program. 

Diode Dl prevents the capacitor 
from discharging into the microcon¬ 
troller when the cells are removed. 

The serial interface connector CON2 
is linked to the microcontroller via a 
few protective resistors. This design 
relies on the fact that nearly ali modern 
serial RS-232 interfaces use a thresh- 
old of about 1.5V between a high and 
low signal. This is not what the full 
RS-232 Standard specifies, but we use 
this fact to provide a simple interface 
to a personal Computer for configuring 
the clock. 

You can use a PICAXE-style serial 
cable terminated with a 3.5mm stereo 
jack plug to connect to CON2. 

We think most constructors will 
lack such a cable, so we’ve provided 
a mounting location on the board for 
a low-cost CP2102-based USB/se- 
rial converter which has an onboard 
micro-USB socket. This connects to 
the serial transmit/receive pins on ICl 
(via the same resistor network) and 
also to GND. Since there is no power 
connection, you stili need the battery 
in place to set the unit up. 

Crystal XI provides a stable time- 
base for the clock with the two 22pF 
capacitors providing the correct load- 
ing. Normally, you would need to trim 
at least one of these capacitors for the 
clock to be accurate, but since the soft- 
ware automatically corrects for crystal 
timekeeping errors by periodically 
comparing the internal (RTC) time to 
the GPS time, this is not required. 

The microcontroller applies power 
to the GPS modüle by pulling its pin 3 
low. This turns on PNP transistor Q2, 
which switches on and charges the 
220jlxF capacitor at its emitter to around 
2.8V, powering the boost regülatör. 

This is based around REGl, the 
MAX756 DC-DC converter. REGl op- 
erates by drawing a current through 
inductor Ll and then suddenly cut- 
ting it off. The collapsing magnetic 
field causes a positive voltage spike 



A slightly over- 
size view of the rec- 
ommended GPS modüle. 

Other modules should work, but we 
know this one will! 


across the inductor that is dumped via 
schottky diode D2 into the 220 jliF output 
capacitor, powering the GPS modüle. 

REGl can operate with a low supply 
voltage (down to at least 1.8V) and stili 
deliver a closely regulated output of 
3.3V or 5.OV. The actual output voltage 
is controlled by pin 2 and this can be 
configured using JPl, to süit the GPS 
modüle in use. 

Ll must have a saturation current 
rating of İA or greater. This means 
that it should be wound with heavy 
gauge wire on a powdered iron core; 
an RF choke will not work. The parts 
list provides two alternatives. Also, 
both the 220pF capacitors must have 
lowESR (equivalent series resistance). 

The configuration of Q2 is one of 
the improvements we’ve made to 
the Circuit; the original design used 
a Darlington pair which caused a 
voltage drop of around 0.7-0.8V from 
the battery to REGl. This reduced its 
efficiency markedly and caused it to 
draw more current from the battery, 
draining it faster. 

With a single transistor and a higher 
base drive current of 4.5-1 Om A (due to 
the 270D base resistor), Q2 is capable 
of supplying at least 400mA - more 
than enough for REGl to start up and 
operate, with an overall efficiency 
improvement of between 29% (at 3V) 
and 65% (at 2V). 

REGl generates an internal refer- 
ence voltage of 1.25V which is used 
in regulating its output voltage. This 
reference voltage is also made avail- 
able at pin 3 of the chip and we pass 
it back to the microcontroller which 
uses it as a reference to measure the 
battery voltage. By accurately measur- 
ing the battery voltage, we can stop the 
clock at the 12 o’clock position before 
the battery gets too low to operate the 
microcontroller. 

Incidentally, the microcontroller is 
programmed to measure the battery 
voltage at the time of greatest current 
draw (about 160mA) when the GPS 
modüle is starting up. If you measure 
the battery voltage without a load, you 
will probably get a higher reading. 

The GPS modüle is one of the simpler 
parts of the Circuit. It has two connec- 
tions for power, two for Communica¬ 
tions to the microcontroller (transmit 
and receive data) and an enable signal. 
We connect the enable line to its V+ pin 
so that the modüle is always enabled 
when power is applied. 

As we do not send anything to 
the GPS modüle (the manufacturer’s 
default configuration suits us just 
fine), the receive data line is also 
pulled high, by a lk£l resistor. The 
lOkD resistor in series with pins 8 
and 10 of the microcontroller limits 
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the current into the microcontroller 
when the GPS modüle operates at a 
higher voltage. 

The microcontroller drives the 
clock stepper motor from pins 15, 
17 and 18, which are paralleled for 
a higher output current. When these 
pins are at a high impedance, no cur¬ 
rent fiows through the clock motor. If 
they are driven high, there is about 
+1.5V across CONl, while if they are 
driven low, there is about -1.5V. The 
micro produces alternate high and low 
pulses to drive the motor, at 1Hz for 
stepping second hand clocks and 8Hz 
for sweep hand clocks. 

Schottky diodes D3 and D4 clamp in- 
ductive spikes from the motor windings 
to the supply rails. These occur when 
output pins 15, 17 and 18 switch to a 
high impedance after delivering a pulse 
to the motor windings and are caused 
by back-EMF from the collapsing mag- 
netic field of said windings (see Fig.6). 

Finally, pushbutton Sl can be held 
down during start-up to signal micro¬ 
controller ICl to go into configura- 
tion mode, where its settings can be 
changed över the serial/USB interface. 
LEDl flashes at start-up and indicates 
whether the clock is in set-up mode or 
operating normally. The USB modüle 
has on-board LEDs to indicate when 
it has power (red) and if it has a GPS 
signal (green). 


Construction 

Ali of the components for the GPS- 
Synchronised Analog Clock driver, 
including the GPS modüle and the AA 
celi holders, are mounted on a PCB 
measuring 140 x 61.5mm and coded 
04202171. This board is available from 
the EPE PCB Service . The component 
overlay is shown in Fig.8. 

Start by fitting the wire link next 
to Q2, then follow with diode Dİ and 
the resistors. Check each resistor value 
with a multimeter before soldering it 
in place. Follow with D2-D4, being 
careful to orient ali diodes in the same 
direction as shown in Fig.8. 

Next, fit the Socket for ICl (notch at 
top), switch Sl and REGl. REGl should 
be soldered directly to the board and be 
careful to orient it as shown. 

Now solder the ceramic and MKT 
capacitors in place, followed by the 
electrolytic capacitors, with their posi- 
tive (longer) leads through the pads 
marked *+’ on the diagram. Fit Q2, 
followed by the pin header for JPl and 
then LEDl, which can be pushed right 
down or soldered with short leads. Its 
longer (anode) lead must go through 
the hole marked ‘A’. 

Push CON2 ’s pins through the slots in 
the board and make sure it is hat on the 
board and its edge is parallel with the 
edge of the PCB before soldering ali five 
in place. Install CONl at the same time. 


Now use double-sided tape to at- 
tach the two celi holders and the GPS 
modüle to the board. This is important 
because it prevents the solder joints 
from breaking when you insert and 
remove cells. Solder and trim the celi 
holder leads. Be careful when solder¬ 
ing them as the plastic can easily be 
melted if you apply too much heat. 

You can now strip the ends of the 
wire supplied with the GPS modüle 
and solder them to the pads with colour 
coding as shown in Fig.8, then plug the 
connector into the GPS modüle Socket. 

Loop a cable tie through the Cen¬ 
tral hole of toroidal inductor Ll and 
down through the hole on the board, 
up through the other hole and tighten 
it, with the square plastic part on top 
of the board (so it doesn’t stop it from 
sitting with the bottom side hat against 
the back of the clock later). Önce Ll is 
held firmly in place on the PCB, solder 
and trim its two leads. 

The PIC16LF88 (ICl) must be 
programmed using the file coded 
0420217A.hex (for a stepping second 
hand) or 0430217A.hex (for a sweep 
second hand), both of which can be 
downloaded from the EPE website. 

Alternatively, you can purchase a 
pre-programmed microcontroller. Ei- 
ther way, önce it has been programmed, 
straighten its pins and plug it into the 
socket with its notched end aligned 



Q2 and boost regülatör REGl, and receives its serial data stream at pins 8 and 10. When the GPS modüle is not powered, 
it uses its internal Real-Time Clock and watch crystal XI to keep time and produce the pulses from output pins 15, 17 and 
18 to drive the clock mechanism. Note that there is no Ql due to a late circuit update. 
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Parts list - GPS- Synchronised 
Clock Driver 


1 PCB available from the 
EPE PCB Service , coded 
04202171,140 x 61.5mm 
1 VK2828U7G5LF GPS modüle* 
1 CP2102-based USB/serial 
interface modüle with 
microUSB socket# 

1 32768Hz crystal (XI) 

1 47pH 1A+ inductor 
1 small cable tie 

1 3.5mm svvitched stereo socket 
(CON2) 

1 vertical PCB-mount tactile 

momentary pushbutton switch 
(SI) 

2 single AA PCB-mounting celi 

holders (Altronics S5029) 

1 18-pin DİL IC socket 
1 3-way pin header, 2.54mm 
pitch, plus shorting block (JP1) 
1 2-way polarised right-angle 
PCB-mount header, 2.54mm 
pitch (CON1) 

1 2-way polarised header plug, 
2.54mm pitch 

1 short length light duty twin lead 

1 short length tinned copper wire 

or component lead off-cut 

2 AA alkaline cells 

Semiconductors 

1 PIC16LF88-I/P microcontroller 
programmed with either 
04120217A.hex (stepping 
movement) or 04130217A.hex 
(sweep movement) (IC1) # 


1 MAX756CPA DC-DC Converter 
(REG1; elementi 4 1290853, 
RS 786-1287) 

1 BC327 PNP transistor (Q2) 

1 1N4148 diode (Di) 

3 1N5819 schottky diodes (D2-D4) 

1 3mm high-brightness LED (LED1) 

Capacitors 

1 470nF 10V electrolytic 

2 220|jF 25V low-ESR 
electrolytic (Jaycar RE6324, 
Altronics R6144) 

4 lOOnF 50V MKT, ceramic or 
multi-layer ceramic 

2 22pF ceramic 

Resistors (ali 0.25W, 5%) 

1 22kQ 3 10kD 1 4.7kD 

2 1 kD 1 470Q 1 270D 

1 220Q 

* this modüle suits the PCB 

pattern and also has an integral 
antenna. Other modules can 
be used but they may have 
different pin-outs and cable 
arrangements and some may 
require an external antenna. 

# available from the Silicon 
Chip online shop 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2018 . 
www.siliconchip.com.au 


with the socket (ie, towards the top of 
the board). 

Finally, place a jumper on header 
JPl. We recommend using the 3.3V 
setting with the specified modüle; 
although this is the minimum 
specified operating voltage for the 
VK2828U7G5LF, it will reduce the 
power consumption while the GPS is 
active by around 35% and should not 
affect performance. If you have trouble 
getting it to work, you can switch to 5V 
later. If you’re using a different GPS 
modüle, check its data sheet to see what 
supply voltage it needs before fitting 
the shunt. If you leave it off, it could 
damage the GPS modüle. 

Powering up 

At this point, temporarily unplug the 
GPS modüle so that you can make some 
tests. With ICl in its socket, insert two 
fresh cells in the battery holder. After a 
second, you should see one flash from 
the Startup LED (LEDl), followed by 
a further two flashes another second 
or so later. These indicate that the mi¬ 
crocontroller and the DC-DC converter, 


respectively, are working. If you do not 
get these indications, refer to the sec- 
tion below on troubleshooting. 

After the double flash, the micro¬ 
controller will wait for two minutes, 
expecting some data from the GPS 
modüle before shutting down the DC- 
DC converter. In this time, you need to 
measure the voltage at the connector to 
the GPS modüle. Ours measured 3.33V 
and you should get a similar reading. 
If it’s below 3.3V, consider removing a 
celi and changing to the 5V setting. If 
you do, it’s a good idea to re-measure 
the voltage to ensure it’s correct. 

No w that you have confirmed that 
you will not blow up your GPS modüle 
you can remove a celi and plug in the 
GPS modüle. Finally, replace the celi 
and the controller should go through the 
whole startup sequence as described in 
the section on troubleshooting. 

Modifying the clock mechanism 

Now it’s time to connect the driver to 
the clock movement, which involves 
removing the existing quartz-crystal- 
based drive Circuit and replacing it 


with a cable to go to the new driver 
board. Start by removing the cover 
from the clock mechanism. Identify 
the leads to the stepper motor coil, 
cut these, strip them and solder them 
to a twin-core lead terminated with a 
2-way header plug. Insulate the solder 
joints and anchor the cable (eg, using 
some silicone sealant) before replacing 
the cover. 

The stepper motor coil should be 
easily identified, as it will be a large 
coil of enamelled copper wire. Every 
clock is different, so you will be on a 
journey of discovery here. 

You can check your modification by 
using a 1.5V alkaline celi. Just connect 
the celi to the wires leading to the 
stepper motor coil, then reverse the 
celi and repeat. On each connection, 
the clock’s second hand should step 
by one second (for a stepping clock) 
or l/16th of a second (for a clock with 
sweep hands). 

The method of attaching the driver 
PCB to your clock will also vary, but in 
the simplest case you can use double- 
sided adhesive tape to hold it onto the 
back of the clock. 

Troubleshooting 

Hopefully, your clock will work first 
time, but if it does not, you can use the 
Startup LED (LEDl) to help isolate the 
problem. This LED will flash during 
normal initialisation (when the Set¬ 
up button is not pressed) to indicate 
that each step of the initialisation has 
been completed. The point at which 
it does not flash will indicate where 
you should start hunting. When you 
insert the battery, you should see the 
following signals in sequence: 

• One flash: the microcontroller has 
started up. If you do not get this then 
something is fundamentally wrong 
with the microcontroller or the cells. 

• Two flashes: the MAX756 DC-DC 
converter has started up (determined 
by measuring a voltage on pin 3 of 
REGl via pin 1 of ICl). If you fail to 
get this signal, check REGl and its 
associated components. Check for 
about 2.7V (with fresh cells) on the 
collector of Q2 and between 1.23V 
and 1.27V on pin 3 of REGl. 

• Three flashes: the GPS modüle is 
working and has transmitted its 
startup message. If you do not get 
this then check the wiring to the 
modüle and that the GPS power 
supply is between 3.3V and 5.5V. 
If you have an oscilloscope, check 
that there is less than 150mV peak- 
to-peak noise superimposed on the 
supply rail to the GPS modüle. 
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Fig.8: follow this 
PCB overlay diagram 
and the same-size 
photograph below* 
to build the GPS 
Analogue Clock 
Driver. Use a socket 
for ICl but not REGl. 
If you use the specified 
GPS receiver, it will be 
supplied with a cable 
colour coded as shown 
here. Otherwise, you 
will need to determine 
the module’s pinout 
from its data sheet 
and match it up to the 
labels on the PCB. If it 
has an enable input, 
it should normally be 
tied high (ie, to VCC) 
for normal operation 
but check the data 
sheet to make sure. 

*Note that this photo 
is of the prototype 
- there is no Ql (it 
has been bridged out 
with a link) and Q2 
is now a BC327 (not a 
BC557), as shown in 
the overlay diagram 
above. 




• Four flashes: the GPS modüle has 
locked on to sufficient satellites and 
has responded with an accurate time 
signal. This can take up to 90 seconds 
or more, so be patient. If you don’t get 
this, try putting the board closer to a 
window and öpen any metal blinds. 
If your indoor GPS signal is poor, you 
will need to keep this in mind when 
choosing a location for the clock. 

Immediately following the GPS 
lock (four flashes), the clock should 
double-step around the dial to reach 
the correct time (assuming a stepped 
second hand. 

If this does not happen, it means that 
the crystal oscillator (XI) is not work- 
ing or the clock’s stepper motor is not 
correctly wired to the controller. In par- 
ticular, check that you have isolated the 
clock’s electronic modüle and soldered 
your wires properly to the stepper motor 
coil. See the ‘Setting itup’ sectionbelow 
for more information on how to check 
the connection to the clock motor. 

Testing the clock drive 

For stepping clock mechanisms, the 
most important test is that the drive 
pulse is long enough to reliably step 


the clock with a supply as low as 2V. 
If you have a bench supply, you can 
use clip leads to connect its negative 
output to the spring in the right-hand 
celi holder and its positive output to 
the cathode of D4. You will also need 
to wire a 4 7Q resistor across each celi 
holder, to provide the ‘centre tap’ 
voltage to drive the clock mechanism. 

If you don’t have a suitable supply, 
you will just need to scrounge up some 
almost-but-not-quite-completely-dead 
AA cells that produce close to IV each 
under a moderate load. 

Either way, you just need to leave the 
clock running for a few minutes and 
check that it doesn’t miss any steps. If 
it does, use the set-up menü (explained 
below) to increase the pulse width by 
8ms and try again. Repeat if necessary, 
until it works reliably. 

Another point to note is that you 
must sit the clock upright in its normal 
position while testing. The clock’s 
motor has very little power and if it is 
going to misbehave, it will occur while 
the clock is trying to push the second 
hand up against gravity. 

Sweep movements need to be tested 
more thoroughly and the firmware 
has a function in the setup menü that 


makes this quite easy. It will run the 
clock for an exact number of minutes 
and then stop. A good test is for 60 
minutes and the idea is that the minute 
and second hands should return to 
exactly the same spot as they started 
from. Any error, even by half a second, 
will indicate a problem. 

Önce again, you should run this test 
with a 2V supply, if at ali possible, as 
explained above. It is at that low volt¬ 
age point that problems will surface if 
they are going to. 

As with the step movement, orient 
the clock vertically during testing. If 
the clock does lose some time, the 
answer again is to increase the pulse 
width in the set-up menü. This allows 
the pulse width to be varied in steps of 
one millisecond with increasing values 
delivering more energy to the clock’s 
motor at the cost of battery life. 

Note that you need to start the test 
at a normal voltage (about 3V) because 
the serial interface will not work at low 
voltages and the clock will not start 
running at low voltages. Önce the test 
has started running, you can reduce 
the supply voltage. If you don’t have 
a variable supply, this may be possible 
to arrange by initially paralleling fresh 
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Calculating battery life 

With an application such as this, battery life is important. After 
ali, what is the point of a clock that does not need adjustment 
if you are forever changing the batteries? To calculate the con- 
sumption, we need to divide the activity of the Circuit into phases 
according to the current dravvn from the battery. 

Then, for each phase, we determine the current consumption 
and its duty cycle (the percentage of time that the current is 
dravvn). Finally, vve can 


menü, but you have to be careful doing this because you may 
cause the clock to become inaccurate at lovver battery voltages. 

If you plan to experiment vvith this, you should connect a 
variable povver supply (vvith simulated centre tap) in place of 
the battery and test that your clock steps correctly at less than 
2V, the minimum expected battery voltage. Don’t just test it on 
its back either; stand the clock upright in its normal position as 
you might find that the stepper motor does not have enough 
povver to lift the second hand against gravity. 


calculate the average 
current dravvn per hour 
and then the battery 
lifetime for a given bat¬ 
tery capacity. The tables 
belovv are the results for 
our prototype. 

These tables indi- 
cate vvhat is the majör 
povver user and this is 
the current dravvn vvhile 
driving the clock’s step¬ 
per motor. This is vvhere 
you should concentrate 
your efforts if you vvish to 
improve the battery life. 
One vvay to do this is to 
reduce the vvidth of the 
pulse using the set-up 


Function 


Power consumption for clocks vvith stepping hands 


Current drain 
(mA) 

0.004 
3 

80 

0.009 


PIC in sleep 
Clock step pulse 
During GPS sync 
Battery self discharge* 

Total 

Expected lifetime for alkaline AA cells (capacity of 2400mAh) in months: 21 


On time 
(seconds) 

158355 

0.04 

45 

1 


Total time 
(seconds) 

158400 

1 

158400 

1 


Duty cycle Consumption 
(mAh) 


99.97% 

4.00% 

0.03% 

100 % 


0.004 

0.120 

0.023 

0.009 

0.158 


Povver consumption for clocks vvith svveep hands 


Function 


Current drain 
(mA) 

0.004 
0.6 
80 

0.009 


PIC in sleep 
Clock step pulse 
During GPS sync 
Battery self discharge* 

Total 

Expected lifetime for alkaline AA cells (capacity of 2400mAh) in months: 10 


On time 
(seconds) 

79200 

0.5 

45 

1 


Total time 
(seconds) 

158400 

1 

158400 

1 


Duty cycle Consumption 
(mAh) 


50% 

50% 

0.03% 

100% 


0.002 

0.300 

0.023 

0.009 

0.334 


cells with the slightly flat cells, then 
disconnecting them later to more thor- 
oughly test the arrangement. 

Setting it up 

The set-up menü varies depending on 
which firmware you have installed. 
That’s because the svveep hands firm- 


ware does not support DST changes, 
so the related options have been elimi- 
nated. The menü for clocks vvith step 
hands is shovvn in Fig.9 and for svveep 
hands, in Fig.10. 

For clocks vvith stepping hands, by 
default the controller is configured 
for Australia in the NSW, Victorian 


and Tasmanian time zone and DST 
rules. If you live in these States and the 
government has not changed the DST 
rules since January 2017, then you do 
not need to do anything. 

If you live elsevvhere, you vvill need 
to change the settings by connecting 
the GPS Analogue Clock Driver to a 



Fig.9: connect the unit to your PC using a microUSB to USB cable, configure a terminal emulator, hold down switch Sl and 
insert a pair of fresh AA cells to access the configuration menü. The one shovvn here is for clocks vvith a stepping second 
hand. Changing settings is fairly self-explanatory önce you’ve established serial Communications. 
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USB port on your PC via the onboard 
adaptör. Or if you have a PICAXE pro- 
gramming cable, you can connect this 
to CON2 instead. 

You will also need a serial terminal 
emulation program running on your 
Computer confıgured for 9600 baud, 8 
data bits, no parity and one stop bit. 
Many free programs are available on 
the Internet, including TeraTerm Pro, 
PuTTY, RealTerm or Hercules Terminal 
Emulator. Use Google to search for one 
or more of these names. 

To enter set-up mode, hold down the 
Set-up button (Sl) while you install 
fresh cells and continue to hold it down 
until you see the menü via the termi¬ 
nal emulator on your PC. The Startup 
LED (LEDl) will also flash when the 
microcontroller transmits a character 
to your Computer, and this may help in 
diagnosing communication problems. 

If your loction observes DST, you 
can select any month (1-12) for the 
end and start. You can also set the 
day for the event (İst, 2nd, 3rd or last 
Sunday in the month). The time of the 
day that DST starts (2am) is fixed in 
the program, as is the end time (3am). 

For either type of clock, the clock 
pulse width can be changed in steps 
of lms and this setting might need to 
be adjusted to süit your clock. 

Most clocks work with the default 
setting, but some may need slightly 
longer pulses to reliably step with a 
low battery voltage. Also, to gain a little 
extra accuracy or improve battery life, 
you can change the interval between 
GPS synchronisations. 

Ali changes are saved in non-volatile 
memory and therefore will be retained, 
even when you remove the battery. 

Setting the time 

We explained this earlier, but you may 
not remember the details, so here’s a 
quick run-down. 

For clocks with stepping hands, sim- 
ply set it so that ali the hands point at 
the 12 o’clock position and insert the 
cells. Önce the GPS modüle has a good 
signal and ICl is able to determine the 
correct time, the hands will ‘quick- 
step’ around the dial until the time is 
correct and then it will run normally. 

To save the clock from having to 
double-step for hours to reach the cor- 



A close-up ofthe micro-USB modüle (left) 
and the optional 3.5mm programming 
Socket (CON2, right). 



Fig.10: the set-up menü for clocks with sweep hands, shown here, is much simpler 
than for stepped hands because it does not include any ofthe DST options. However, 
it does include the option to run the clock for a fixed time so that you can check 
that it isn’t losing any time. This should ideally be checked with a supply voltage 
of around 2V (see text). 


rect time, it makes sense to power up 
the clock shortly after 12 o’clock (ie, 
your local time). 

In that way, it will only take about 
ten minutes or so for the clock to finislı 
double stepping and revert to normal 
accurate time keeping. 

For clocks with sweep hands, it’s a 
bit more tricky. First, check the current 
time and then set the hour and minute 
hands so that they are pointing to the 
immediately following half-hour. 

For example, if it’s 3:08, set the 
clock to show 3:30before inserting the 
cells. But there’s a problem in that the 
second hand will be pointing at some 
random position on the dial and when 
you insert the battery, the clock will 
sit motionless until it is time to start. 

As the time adjustment on most clocks 
does not affect the second hand you will 
not have an opportunity to set the second 
hand to 12 o’clock before the clock starts 
- and then it is too late. 

To solve this, while the clock 
is waiting for the half-hour to roll 
around (during which time LEDl 
flashes slowly), you can press the 
set-up button (Sl) and while you 
hold this button down, the clock 
will run, causing the second hand 
to move around the dial. 

When the second hand reach- 
es the exact 12 o’clock position, 
release Sl and use the normal 
time setting facility of the clock 
to adjust the hour and minute 
hands to the correct position. 

Source code 

The firmware for this project is 
written in the C language and 
can be compiled with either the 
CCS C compiler or the Hi-Tech 
C compiler Lite for PIClO/12/16 
microcontrollers. 

The Hi-Tech C compiler was 
purchased by Microchip some 
time ago and is now obsolete, 


but it can stili be dovmloaded and 
used. The good thing about it is that it 
is totally free, so if you want to get into 
the C language and play around with 
the code, this is a good way to do it. 

Download links and installation 
instructions are available at: www. 
cs.ucr.edu/~eblock/pages/pictools/ 
install.html 

Conclusiorı 

Well, that’s it. With your clock properly 
set up, you can hang it on the wall and 
be assured that at least one clock in the 
house is always accurate. Just make 
sure it has a decent GPS signal where 
it’s located (eg, not deep inside under 
a corrugated iron roof!) so that it will 
stay synchronised. (Note that you can 
also check the clock’s accuracy at any 
time if you have Internet time enabled 
on your desktop Computer.) 



Here’s how we secured the PCB to the clock - a 
little bit of judicious filing removed a couple of 
ridges, then a few dollops of silicone sealant 
holds the PCB securely in place. This method 
allows easy battery change later on. 
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Last month, we introduced the SC200 Amplifier Modüle. This month, 
we’re presenting the construction details. 


I n the first article, we described the Circuit of the SC200 
audio amplifier, provided a parts list and described the 
optional clip detection circuitry, which is housed on 
the same PCB. 

This month, we’ll go through the construction proce- 
dure, which is quite straightforward. It basically involves 
mounting the smaller components on the PCB, drilling the 
heatsink, then mounting the power devices on the heatsink 
and soldering their leads onto the PCB. 

Before getting into the construction, there’s one minör 
change in the design since we presented the Circuit last 
month. We found that the best performance is obtained 
with the main filter inductor, L2, mounted on its side, rather 
than horizontally on the PCB, as shown in the photos last 
month. This reduces the interaction between its magnetic 
field and components on the PCB. Luckily, we designed the 
PCB with two slots for a cable tie in case we found this to 
be necessary. So no changes are required to the Circuit or 
board; simply mount the inductor as shown in the photos 
and diagrams this month, rather than hat as shown in the 
photos last month. 

We have also made provision for the SMD resistor which 
was previously htted inside the hole in the middle of the bob- 
bin to be mounted on the underside of the board, so it won’t 
interfere with the now vertical inductor. More on that later. 

Heatsink selection 

The SC200 Amplifier Modüle is built on a double-sided 
PCB, which is available from the EPE PCB Service, coded 
01108161 and measuring 117 x 84mm. The seven main 
power transistors are arranged in a row along the top (back) 
edge and these are mounted on a diecast aluminium heatsink. 

The power hgures given last month (135W into 8Q, 200W 
into 4Q) can be obtained with entirely passive cooling (ie, 
no fans), provided there is sufhcient ventilation where the 
heatsink(s) are mounted. 


Having said that, it would be possible to add fan-forced 
cooling should, but we won’t go into details here. 

The heatsink used on our prototype and pictured this 
month measures 150 x 75 x 46mm (Jaycar HH8555) but we 
used that one primarily because we already had a partially 
drilled example in our workshop. 

We recommend that you use a slightly larger 200 x 75 x 
48mm heatsink (Altronics H0536) instead. This will keep 
the transistors cooler when the amplifier is operating at 
higher power levels. 

There’s also a 300mm-wide version of the same heatsink 
available for only a couple of dollars more (Altronics H0545) 
and if you have room for it in your chassis, the amplifier 
will run even cooler. But the following instructions will 
assume you’re using the 200mm type which was specified 
in the parts list. 

Construction 

Start by htting the smaller components to the PCB. Use 
the overlay diagram, Fig.4, as a guide. Note the area in 
the lower right-hand corner with the dotted outline. The 
components in this area form the optional clip detection 
circuitry. If you don’t need that, you may omit ali those 
components to save time and money. 

There are five 3W SMD resistors on the board and it’s best 
to start by soldering them while the PCB will stili sit hat on 
your bench. They are quite large so it’s fairly easy to install 
them, although you will find it even easier if you spread a 
thin layer of flux paste on each associated pad before you 
do so. Solder the four 0.1£1 resistors first. 

There are pads on either side of the board to which the 
6.8D 3W resistor can be soldered. As mentioned earlier, we 
suggest you solder it to the pads on the underside so it does 
not interfere with the mounting of air-cored inductor L2, later. 

In each case, you can clamp the resistor in place över 
the appropriate pads and then apply solder at each end if 
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The inductor mounting shown in this close-up is a modification 
to that shown in the prototype (left) - see text. 

you have suitable tools. Otherwise, the simplest method 
is to apply solder to one of the pads and then heat it with 
your iron while you slide the resistor in place and allow 
the solder to flow onto it. You can hold the resistor with a 
pair of tweezers while doing this. 

Önce you’ve removed the heat, make sure it can’t move 
before soldering the opposite end, then add a little fresh 
solder to the first pad to ensure the joint has formed prop- 
erly. When finished, it’s a good idea to inspect the joints 
under good light and magnification to ensure they have 
formed proper fillets. 

By the way, we’re using SMD 3W resistors since they are 
a lot more compact than 5W wirewound resistors and also 
have much tighter tolerances. And even though it is largely 
of academic interest as far as the Circuit performance is 
concerned, these SMD resistors are non-inductive. 

Through-hole components 

You can now solder the two small through-hole diodes, Dl 
and D2. Don’t get these mixed up as they may look similar 
and ensure they have their cathode stripes oriented as 
shown in Fig.4[a]. If building it with the clip detector, ht 
diodes D5-D7 now as well. 

Follow with ali the quarter-watt resistors, using a DMM 
to check the resistance of each batch before installing them, 
as the coloured bands can be ambiguous. Don’t forget to 
slip a ferrite bead över one end of the 100Q resistor near 
CONl before soldering it into place. 

As stated earlier, you can leave out the nine small resis¬ 
tors in the clip detector Circuit if you don’t need it. Alter- 
natively, if you are building it with the clip detector, fit 
zener diodes ZDl and ZD2 now, with their cathode stripes 
as shown in the overlay diagram. 

Then mount the two 1W resistors, followed by the larger 
diodes D3 and D4, again referring to Fig.4 for the correct 
orientation. This is most important as they will short out 
the ampliher output if reversed! Now attach medium-power 
transistors Q8 and Q9 using 6mm M3 machine screws and 
nuts, having bent their leads at right angles to fit through the 
mounting holes on the PCB. Don’t get them mixed up; Q8 
must be a KSC2690A (NPN) while Q9 is a KSA1220A 
(PNP). Only after their mounting 
screws have 



been done up tightly, should you solder and trim their leads. 

You can now fit the LEDs to the board. In each case, the 
anode (longer) lead goes in the mounting hole closer to the 
bottom of the board, with the flat side of the lens (cathode) 
towards the top. You must fit LEDl; LEDs2-5 are optional 
but highly recommended as they indicate the presence of 
the two power rails and the State of fuses Fİ and F2. LED6 
can be fitted if you are building the clip detection circuitry, 
or you can leave it off and use an off-board LED connected 
via CON4, which you will solder in place later. 

You may fit PCB pins for TP1-TP7 now. Note that there 
are two positions marked at TP7; they are connected to the 
same copper trace and are provided merely for conveni- 
ence, as it’s necessary to measure between TP7 and TP3-6, 
the latter of which are spread across the board. If you have 
alligator clip leads for your DMM, we recommend fitting 
PC stakes for one of the TP7 points along with either TP4 
or TP5 (whichever is closer) but leaving the others as bare 
pads, since it’s easier to connect to bare pads with Standard 
pointed PCB probes. 

Trimpots VRl and VR2 are next on the list. VRl must 
be a lk£l multi-turn trimpot and it is installed with its 
screw towards the centre of the board, as shown. VR2 may 
be a mini horizontal trimpot; however, we found it quite 
fiddly to use this type to zero the output offset voltage so 
we’ve made provision for a multi-turn trimpot which is a 
bit more expensive but less sensitive. If using a multi-turn 
type, mount it with the same orientation as VRl, ie, with 
the screw towards the bottom of the board. 

You can now fit the smaller capacitors. There are six 
MKT capacitors plus three which can be either ceramic 
or MKT (or in the case of the 150pF type, MKP). Polarity 
is not important for any of these. Follow with the small- 
signal transistors but don’t get the different types mixed 
up. You will likely need to crank the leads out slightly to 
fit the PCB pads (use small pliers). 

Three of the transistors are for the clip detection cir¬ 
cuitry and may be omitted; note that one of these three is 
a 2N5551 high-voltage NPN type. The other seven (Ql-Q7) 
must be installed. Now you can solder the four M205 fuse 
clip holders in place. Make sure each is pushed ali the way 
down on the PCB before soldering and that the retaining 
clip is facing towards the outside of the fuse, otherwise 
you will not be able to install the fuses later. Note that 
soldering these parts requires quite a bit of heat as they 
are on large copper pads. 

Now install the electrolytic capacitors. The orientation is 
important; in each case, the longer (positive) lead should go 
into the pad closer to the left side of the PCB. If in doubt, 
refer to the *+’ symbols shown in Fig.4. Note that the 
47pF capacitor closest to Q5 must have a volt¬ 
age rating of at least 35 V (shown in the 
overlay diagram) but the oth¬ 
ers may be rated at 
25V. 



We used the 
150mm-wide Jaycar 
HH8555 heatsink (left) on 
our prototype but recommend 
the larger 200mm Altronics H0563 
(right) instead. There’s also an even 
larger (300mm wide) Altronics heatsink 
available (H0545) if maximum cooling 
is important. 
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Fig.4: two versions of the PCB component layout (the PCB itself is identical). The 
top (Fig.4[a]) is for those who don’t like SMD components - only five are used 
and they’re ali quite large and easy to solder. The alternative (bottom) layout 
(Fig.4[b]) uses rather more SMDs - mainly semiconductors and capacitors. See 
the alternative parts list opposite. 


Now it’s time to fit pluggable ter¬ 
minal blocks CON2 and CON3. Make 
sure you orient these so that the wire 
entry holes are on the outside. The 
easiest way to do this is to temporarily 
attach the plugs, place the sockets on 
the PCB and then remove the plugs 
before soldering the sockets. Make sure 
the socket pins are pushed ali the way 
down before soldering them. 

You can now also fit the input con- 
nector. There are three possibilities: 
either a horizontal RCA socket (CONl), 
vertical RCA socket (CON6) or polar- 
ised pin header to go to an off-board 
socket (CON5). If you wish, you can 
fit CONl along with one of the other 
two, although you will only be able to 
use one at any given time. 

With those in place, fit the lOOnF 
250V MKP capacitor which goes next 
to L2. There are a few different mount- 
ing holes, to süit capacitors with dif¬ 
ferent pin spacings. Now would also 
be a good time to mount CON4 for the 
clip detector circuit, if you are using 
it with an off-board LED. 

Alternative SMD components 

We won’t go into a lot of detail on this 
topic as most constructors will prob- 
ably be happy to build the amplifier us¬ 
ing mostly through-hole components, 
as detailed above. 

But since it was easy, we made 
provision on the PCB for a number of 
the components to be substituted with 
SMD equivalents. This includes small- 
signal transistors Ql-Q7, Ql7 and Q18, 
diodesDl,D2 andD5-D7, zener diodes 
ZDl and ZD2, the 1W resistors and the 
non-electrolytic capacitors. 

The main reason for using optional 
SMD equivalents is primarily cost. It 
probably isn’t worthwhile to go out 
and buy the optional SMDs for this 
project, but if you already have them, 
they would have cost you very little. 

The alternative parts are shown in 
the panel opposite, and the mounting 
locations are shown in Fig.4(b). Of 
course, you may choose to substitute 
some of these parts but not ali, depend- 
ing on what you have on hand. 

Most of the parts listed are either 
direct equivalents to the through-hole 
versions or have superior performance. 
They are ali mounted in place of the 
through-hole components, on the top 
of the board - with two exceptions. One 
is D3 and D4, which if substituted, are 
fitted on the underside because there 
are too many tracks on the top side. 

And while Q8 and Q9 are not 
listed in the parts list, nor shown in 
(Fig.4[bj), it is possible to substitute 
these with FZT696B (NPN; Q8) and 
FZT796A (PNP; Q9). We haven’t ac- 
tually tested it, but there is provision 


for them on the underside of the PCB 
(under the through-hole mounting 
locations) and should work in theory. 

Winding inductor L2 

This is easiest if you make up a wind- 
ing jig. See the accompanying panel 
for details on how to do it. You only 
need a few cheap and easy-to-obtain 
items (that you may already have), and 
it will come in handy any time you 
need to wind a small air-core choke, 
so we recommend that you build one 
if you haven’t already. 


The inductor is wound using a ~lm 
length of 1.25mm diameter enamelled 
copper wire on a 10mm-wide, 13mm- 
inner diameter plastic former bobbin. 
Fit the bobbin to the jig, or if you don’t 
have a jig, wind some electrical tape 
around a bolt or dowel so that it is a 
firm fit through the centre of the bob¬ 
bin, to prevent the plastic breaking 
while winding on the copper wire. 

For a neat result, the wire can first 
be straightened by securing one end 
in a vice and pulling hard on the other 
end with a large pair of pliers. This 
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This completed PCB matches the ‘through-hole’ version opposite (Fig.4[a]). In the 
surface-mount version (Fig.4[b]) the SMD components are in the same positions 
as the through-hole versions above - but watch the polarity! 


requires a fair bit of strength so be 
careful in case the pliers or vice let go. 
Make a right-angle bend in the wire 
25mm from one end, then insert this 
end through one of the slots in the bob- 
bin and wind on seven close-packed 
turns, which should fiil the width of the 
bobbin. In case the winding direction 
affects performance, we recommend 
that you wind in the same direction as 
we did, as shown in the photo. 

Önce that layer is complete, wind 
another 6.5 turns on top, again close 
packed and in the same direction, then 
bend the wire through the opposite slot 
it started through and cut it off 25mm 
from the bobbin. 

To hold the windings in place, cut 
a lOmm length of 20mm-diameter 
heatshrink tubing and slip it över the 
bobbin, then shrink it down gently us- 
ing a hot air gun on a low setting. Trim 
the two protruding wires to exactly 
20mm from the base of the bobbin, 
then strip 5mm of the enamel from 
each end using either emery paper or 
a hobby knife/scalpel and tin the leads. 

To get the specified performance, 
you must mount the inductor as shown 
in Fig.4 and in the photos. Two slots 
are provided for a cable tie to hold it in 
place. Bend its leads to fit through the 
appropriate pad, then fit and tighten 
the cable tie before soldering and trim- 
ming the leads. Note the way we’ve 
oriented it; each wire from the PCB 
runs up and över the top of the bobbin. 

Drilling and tapping the heatsink 

The mounting locations for the power 
devices on the heatsink are detailed 


on the accompanying panel, which 
incorporates a drilling diagram. As 
explained in that panel, you have 
the option of either tapping the seven 
holes, which is the neatest solution, 
or offsetting the holes by around 
5mm in either direction (left or right, 
to clear the heatsink fins) and then 
drilling them ali right through the 
heatsink. You can then attach the 
power devices using longer (~15mm) 
machine screws fed between through 
the fins. 

This is the approach we took for 
the prototype as it’s a lot less work, 
however, you do have to be very ac- 
curate in drilling the holes, both in 
terms of the initial position and in 
making sure that they are drilled at 
right angles to the heatsink face. If 


any of the holes are off by more than 
about half a millimetre, you will find 
it between tricky and impossible to 
fit the nuts to the screw shafts. If you 
decide to tap the holes instead, while 
this is more work and requires some 
patience, the exact hole positions are 
no longer quite so critical. 

After you have drilled and possibly 
tapped the transistor mounting holes, 
you will also want to do something 
about mounting it in the chassis. 
Our preferred method is to drill and 
tap three additional holes along the 
bottom of the heatsink to hold it in 
place. However, it’s also possible to 
fit right-angle brackets to the fins at 
either end of the heatsink by drilling 
right through them and using screws 
and nuts to hold them in place. 

Önce ali holes have been drilled, de- 
burr them using an over-sized drill bit 
and clean off any aluminium particles 
or swarf. Check that the areas around 
the holes are perfectly smooth to avoid 
the possibility of puncturing any of the 
insulating washers. 

Final assembly 

No w it’s time to mate the PCB with the 
main heatsink but first, re-check the 
face of the heatsink. Ali holes must be 
deburred and it must be perfectly clean 
and free of any grit or metal swarf. 

Start the heatsink assembly by 
mounting transistors Q10, Qll and 
Ql2 (see Fig.6). A silicone rubber 
washer goes between each of these 
transistors and the heatsink. If you 
can’t get TO-126/TO-225 insulating 
washers, you can carefully cut down 
some TO-220 washers to fit the de¬ 
vices. Make sure they’re small enough 
to fit side-by-side on the heatsink but 
not so small that you risk any contact 
between the metal pad on the rear 
of each device and the face of the 
heatsink. 


Âlternatlve SMD parts 


Semiconductors 

3 BC846 transistors (Q3,Q4,Q7) 

4 BC856 transistors (Q1 ,Q2,Q5,Q6) 


1 blue SMD 3216/1206 LED (LED1) 

2 red SMD 3216/1206 LED (LED2,4) 
2 green SMD 3216/1206 LED 

(LED3,5) 

1 LL4148 or similar small-signal diode 
(Di) 

1 BAV21W-TP schottky diode (D2) 

2 VS-3EJH02 hyperfast rectifiers 

(D3.D4) 

Resistors 

1 4700 1W 5% SMD 6332/2512 
1 100ü 1W 5% SMD 6332/2512 


Capacitors 

1 47|iF X5R 6.3V SMD ceramic 
3216/1206 

2 220nF X7R 50V SMD ceramic 
3216/1206 or 2012/0805 

1 lOOnF 250V C0G SMD 
ceramic 5652/2220 or 
4532/1812 

4 lOOnF X7R 100VSMD 
ceramic 3216/1206 or 
2012/0805 

2 InF C0G 100V SMD ceramic 
3216/1206 or 2012/0805 

1 150pF C0G 250V SMD 
ceramic 3216/1206 or 
2012/0805 
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Making a urinding jig for the 2.2uH inductor 





These photos show how 
the winding jig is used to 
make the 2.2pH inductor. 
First, the bobbin is slipped 
över the collar on the bolt 
(1), then an end cheek 
is attached and the wire 
threaded through the 
exit slot (2). The handle 
is then attached and the 
coil tightly wound onto 
the bobbin using 13.5 
turns of 1.25mm-diameter 
enamelled copper wire 
(3). The finished coil (4) is 
secured using one or two 
bands of heatshrink tubing 
around the outside. 


The vvinding jig consists of an M5 x 
70mm bolt, two M5 nuts, an M5 flat 
vvasher, a piece of serap PCB mate- 
rial (approximately 40 x 50mm) and a 
serap piece of timber (approximately 
140 x 45 x 20mm) for the handle. 

İn use, the flat vvasher goes against 
the head of the bolt, after vvhich a 
collar is fitted över the bolt to take 
the bobbin. This collar should have 


a vvidth that’s slightly less than the 
vvidth (height) of the bobbin and can 
be vvound on using insulation tape. 

Wind on sufficient tape so that the 
bobbin fits snugly över this collar 
vvithout being too tight. 

Next, drill a 5mm hole through the 
centre of the serap PCB material, 
follovved by a 1.5mm exit hole about 
8mm avvay that vvill align vvith one of 


the slots in the bobbin. The bobbin 
can be slipped över the collar, after 
vvhich the serap PCB £ end cheek’ is 
slipped över the bolt (ie, the bobbin is 
sandvviched into position betvveen the 
vvasher and the serap PCB). 

Align the bobbin so that one of its 
slots lines up vvith the exit hole in the 
end cheek, then install the first nut 
and secure it tightly. The handle can 
then be fitted by drilling a 5mm hole 
through one end, then slipping it över 
the bolt and installing the second nut. 



If the holes are tapped, these three 
transistors can be secured using M3 x 
lOmm machine screws. Alternatively, if 
you have drilled non-tapped holes, use 
M3 x 15mm or 20mm machine screws, 
with the screws coming through from 
the heatsink side (ie, the screw heads 
go betvveen the heatsink fins). 

Make sure the three transistors and 
their insulators are properly vertical, 
then do the screws ali the way up but 
don’t tighten them yet; ie, you should 
stili justbe able to rotate the transistors. 

The next step is to fit an M3 x 9mm 
(or lOmm) tapped spacer to each of 
the four mounting holes on the PCB. 
Secure these using M3 x 6mm machine 
screws. Önce they’re on, sit the board 
down on the spacers and lower the 


heatsink so that the transistor leads 
pass through the appropriate holes. 

The four output transistors (Ql3- 
Ql6) can now be fitted. Two different 
types are used, so be careful not to mix 
them up (cheek the layout diagram). As 
shown in Fig.6(b), these devices must 
also be insulated from the heatsink us¬ 
ing silicone insulating washers. 

Start by fitting Ql3. The procedure 
here is to first push its leads into the 
PCB mounting holes, then lean the 
device back and partially feed through 
its mounting screw vvith a flat vvasher. 
Hang the insulating vvasher off the end 
of the serevv and then loosely serevv 
the assembly to the heatsink. 

The remaining three devices are 
then installed in exactly the same vvay 


but take çare to fit the correct transis¬ 
tor type at each location. Önce they’re 
in, push the board dovvn so that ali 
four spacers (and the heatsink) are in 
contact vvith the benehtop. This au- 
tomatically adjusts the transistor lead 
lengths and ensures that the bottom 
of the board sits 9-10mm above the 
bottom edge of the heatsink. 

Novv adjust the PCB assembly hori- 
zontally so that the transistor leads are 
as vertical as possible. If you have 
tapped the holes, and assuming you’re 
using the specified 200mm-wide heat¬ 
sink, this vvill be vvhen each side of 
the PCB is 41.5mm in from its adjacent 
heatsink end. Önce you are sure it is 
properly positioned, tighten ali the 
transistor serevvs just enough so that 
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Mlllng gmâ tapplng te alumlnlum 



HOLES A: DRILL 3mm DİAM ETER OR DRILL 2.5mm DİAM ETER & TAP FOR M3 SCREW. DEBURR ALL HOLES. 
Fig.5: this half-size diagram shows the heatsink drilling details. The holes can 
either be drilled and tapped (using an M3 tap) or can be drilled to 3mm and 
the transistors mounted using machine screws, nuts and washers. 


Fig.5 above shows the heatsink drill¬ 
ing details. If tapping the holes, they 
should be drilled to 2.5mm diameter 
right through the heatsink plate and 
then tapped to 3mm. Alternatively, the 
holes can be drilled through using a 
3mm drill and the transistors mounted 
using screvvs, nuts and vvashers. 

It’s somevvhat more work to tap 
the holes, but it makes mounting the 
transistors quite a bit easier (no nuts 
required) and gives a much neater 
appearance. 

Before drilling the heatsink, you will 
have to carefully mark out the hole 
locations using a very sharp pencil. 
Then use a small hand-drill fitted with 

MAIN PLATE 



a 1 mm bit to start the location of each 
hole. This is important as it will allow 
you to accurately position the holes 
(the locations are critical) before step- 
ping up to larger drills in a drill press. 

Be sure to use a drill press to drill 
the holes (there’s no way you’ll get 
the holes perfectly perpendicular to 
the mounting face vvithout one). Use 
a small pilot drill to begin with (eg, 
1.5mm), then carefully step up the 
drill size to either 2.5mm or 3mm. The 
holes have to go betvveen the fins so 
it’s vital to accurately position them. İn 
addition, you can drill (and tap) three 
holes in the base of the heatsink so 
that it can later be bolted to a chassis. 

MAIN PLATE 



Be sure to use a suitable lubricant 
when drilling the holes. Kerosene 
is the recommended lubricant for 
aluminium but we found that light 
machine oil (eg, Singer or 3-in-1) also 
works well for jobs like this. 

Don’t try drilling the holes in one go. 
When drilling aluminium, it’s important 
to regularly remove the bit from the 
hole and clear away the metal swarf. 
If you don’t do this, the aluminium 
swarf has a nasty habit of jamming the 
drill bit and breaking it. Re-lubricate 
the hole and the bit with oil each time 
before you resume drilling. 

Tapping 

To tap the holes, you need an M3 
intermediate (or starting) tap (not a 
finishing tap). The trick is to take it nice 
and slovvly. Keep the lubricant up and 
regularly wind the tap out to clear the 
metal swarf from the hole. Re-lubricate 
the tap each time before resuming. 

Do not at any stage apply undue 
force to the tap. It’s easy to break a 
tap in half if you are heavy-handed 
and if the break occurs at or below the 
heatsink’s face, you can scratch both 
the tap and the heatsink (and about 
$25). Similarly, if you encounter any 
resistance when undoing the tap from 
the heatsink, gently rotate it back and 
forth and let it cut its way back out. İn 
short, don’t force it. 

Having completed the tapping, 
deburr ali holes using an oversize 
drill to remove any metal swarf from 
the mounting surface. The mounting 
surface must be perfectly smooth to 
prevent punch-through of the transis¬ 
tor insulating vvashers. 

Finally, the heatsink should be thor- 
oughly scrubbed cleaned using vvater 
and detergent and allovved to dry. 

Fig.6 (left) shovvs the mounting 
of the amplifier to the heatsink önce 
ali the above drilling and tapping is 
completed. 

Note differences betvveen the driver 
(left) and povver (right) transistors. İt 
is imperative that silicone insulating 
vvashers are used to isolate the tran¬ 
sistors from the heatsinks; you can 
easily check this vvith your multimeter 
on a high £ ohms’ range betvveen the 
collectors and heatsink. 

ANY reading will mean there is a 
problem - şort it out before continuing 
or the transistor life can be measured 
in milliseconds vvhen you apply povver. 


Fig.6: here’s how the driver (left) and power (right) transistor are secured to 
the heatsink. Ensure there is no short betvveen the collectors and heatsink. 


they are held in place while keeping the 
insulating vvashers correctly aligned. 

The next step is to lightly solder 
the outside leads of Q13 and Ql6 to 
their pads on the top of the board. The 


assembly is then turned upside down 
so that the heatsink transistor leads 
can be soldered. Before soldering the 
leads, though, it’s important to prop 
the front edge of the board up so that 


the PCB is at right-angles to the heat¬ 
sink. If you don’t do this, it will sag 
under its own weight and will remain 
in this condition after the leads have 
been soldered. 
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For that, yoıı would need either one 
transformer rated for at least 500VA, 
or a separate 300VA transformer and 
power supply per channel. 

For lower-power applications, a 
160VA 45-0-45 transformer is avail- 
able (Altronics M5345A). We wouldn’t 
recommend using this for stereo appli¬ 
cations, but it would be suitable for a 
single channel amplifier if continuous 
full-power delivery is not required. 

If you don’t need the full 13 5 W/200W 
rating, there’s also the possibility of us¬ 
ing a smaller transformer with lower 
voltage secondaries, for example, a 
160VA 30-0-30 transformer (eg, Al¬ 
tronics M5330A). 

Some components would need to 
be changed; we’ll have more details 
on that next month. 

Note that a complete amplifier also 
requires a speaker protection modüle. 
This is important since a fault in the 
amplifier PCB can easily destroy your 
speaker(s) and even set them on fire! 
A suitable design in kit form is avail- 
able from Altronics (cat K5167). This 
modüle will protect one or two speak- 
ers, so a stereo amplifier only requires 
one to be built. 

Next month 

Well, that’s a lot to devour in one 
month - but at least we’ve given you 
ali the construction details, so if you 
want to get stuck into construction, 
you can do so! 

Next month, we will provide full 
performance graphs, including fre- 
quency response, THD vs power and 
THD vs frequency. 

We will also describe the construc¬ 
tion of a suitable power supply (see 
below) and will go through the set-up 
and testing procedure. In addition, we 
will describe how to modify the mod¬ 
üle to run off a lower-power supply 
voltage for lower-power application. 


The SC200 requires a nominal ±57VDC supply rail. This power 
supply, in conjunction with a 45-0-45VAC transformer, is ideal for the 
task. We’ll describe its construction next month when we conclude the SC200 
Amplifier series. 


A couple of cardboard cylinders 
cut to 63mm can be used as supports 
(eg, one at each corner). With these in 
place, check that the board is correctly 
centred on the heatsink, then solder 
ali 21 leads. Make sure the joints ar e 
good since some can carry many amps 
at full power. 

Önce the soldering is completed, 
trim the leads and remove the two 
supports near the heatsink, as these 
are no longer required; the transistors 
should be mounted to the chassis via 
the heatsink only, otherwise, thermal 
cycling could crack their solder joints. 

Now turn the board right way up 
again and tighten the transistor mount- 
ing screws to ensure good thermal 
coupling between the devices and 
the heatsink. Don’t over-tighten the 
mounting screws, though. Remember 
that the heatsink is made from alu- 
minium, so you could strip the threads 
if you are too ham-fisted. 


Checking device isolatiorı 

You must now check that the tran¬ 
sistors are ali electrically isolated 
from the heatsink. That’s done by 
switching your multimeter to a high 
ohms range and checking for shorts 
between the heatsink mounting sur- 
face and the collectors of the heatsink 
transistors (note: the collector of 
each device is connected to its metal 
face or tab). 


For transistors Qll-16, it’s simply a 
matter of checking between each of the 
fuse elips elosest to the heatsink and 
the heatsink itself (ie, on each side of 
the amplifier). 

That’s because the device collectors 
in each half of the output stage are 
connected together and run to their 
respeetive fuses. 

Transistor Q10 (the VBE multiplier) 
is different. In this case, you have to 
check for shorts between its centre 
(collector) lead and the heatsink. 

In either case, you should get an 
open-circuit reading. If you do find a 
short, undo each transistor mounting 
screw in turn until the short disap- 
pears. It’s then simply a matter of 
locating the cause of the problem and 
remounting the offending transistor. 

Be sure to replace the insulating 
washer if it has been damaged in any 
way (eg, punehed through). 

Power supply 

The power supply requirements for 
this modüle are optimal with supply 
rails of ±5 5-60V, nominally ±57V, from 
a 45-0-45 transformer. We will present 
the details next month. 

A single 300VA transformer is suf- 
ficient to power a stereo amplifier for 
amplifying normal program material, 
although it will not allow continuous 
full power output from both channels 
simultaneously. 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 
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Continuing on from last month, here are the construction and setup details. We 
split the Circuit into two sections/PCBs because it is such a high power design. 


O ne PCB accommodates the con- 
trol section, mainly involving 
the PIC16F88 microcontroller 
ICl and the high-side driver, IC2. 

The second is the switching or power 
side of the Circuit, involving two or 
three (optional) MOSFETs and ali the 
linking options to take çare of high-side 
or low-side switching. In fact, this sec¬ 
ond board can be thought of as a single 
high-power MOSFET which can be 
wired for high or low-side switching. 

Construction 

Assembly simply involves building the 
two PCB s and connecting them together 
inside the compact diecast ahıminhım 
box which measures 119 x 94 x 57mm. 

The control PCB is coded 11112161 
and measures 107 x 82mm and it is in- 
stalled on the bottom of the diecast case. 

The power PCB is coded 11112162, 
and measures 111 x 85mm. It is in- 
stalled on the lid of the diecast case and 
the two boards are connected together 
with five wires. Both of the PCB s are 
available from the EPE PCB Service. 
No heavy currents flow between the 
two PCBs so we don’t need heavy-duty 
wiring for the interconnections. 

Nor is there any heavy duty wiring 
between the power PCB and the various 
terminals for the DC supply and motor. 

Instead, ali the heavy duty currents 
flow in the tracks of the PCB which is 
manufactured using ‘2-ounce’ copper, 
twice as thick as normally used. In 
addition, the four 50A-rated terminals 
are mounted directly on the PCB, with 


substantial tin-plated ‘lands’ to provide 
low resistance connections. 

Furthermore, since six of the ‘links’ 
on the power PCB also carry heavy cur¬ 
rents, they each have four paralleled 
tinned copper wire links, ie, LKl, LK2 
and LK3 for high-side switching or LK4, 
LK5 and LK6 for low-side switching. 

The component overlays for the two 
PCBs are shown in Fig.4 - power board 
at top and the control board below. 

Start by assembling the control board 
and install IC2 first, as it is the only 
surface-mount component used in this 
project. Align the IC onto the pads and 
solder one corner lead to the PCB. Check 
that the IC is aligned correctly before 
soldering the remaining pins. You can 
re-align the IC easily by melting the 
solder joint and readjusting the posi- 
tion. Check that none of the IC leads are 
shorted with solder. Any excess solder 
can be removed with solder wick. 

Next, you can install the resistors. 
We recommend that you use a digital 
multimeter to check the values of each 
resistor, as you install them. Note that 
the values for Rl and R2 are depend- 
ent upon the battery supply, as shown 
in Table 1, which is slightly modified 
from that in last month’s issue. 

Diodes D2 and D3, and ZD2 and ZD3 
can be installed next. These need to be 
inserted with the correct polarity, with 
the striped end (cathode, k) oriented as 
shown in the overlay diagram. 

Zener diode ZD4 is only used when 
the battery voltage is higher than 12V; 
Table 1 shows the required zener for 


24V, 36V or 48V batteries. Note that 
for a 12V battery, when ZD4 is not 
required, JPl is installed instead. Only 
if you are using low-side switching, 
install JP2 at the same time, otherwise 
it must be omitted. 

There are five test points, at TPl, TP2, 
TP GND, TPS and TPV. To make them 
easy to use, we suggest that you install 
a PC stake at each point. Next, install 
the 18-pin DİL socket for ICl. Ensure it 
is oriented correctly. 

Then you can install the capacitors, 
noting that the electrolytic types must 
be installed with the polarity shown 
on the overlay diagram. Note that the 
10pF capacitor located just to the left 
of REGl has a 63V rating, as shown on 
the diagram. 

REGl and REG2 mount horizontally 
on the PCB with their leads bent at 90° 
to allow them to be inserted into the 
holes. The metal tab is secured to the 
PCB using an M3 x 6mm screw and M3 
nut. Secure each tab before soldering 
the leads. 

Trimpots VRl to VR7 come next. VRl 
to VR6 are 10kQ and may be marked as 
103. VR7 is 50kQ and may be marked 
as 503. Switch S2 is installed directly 
onto the PCB. 

Terminal strips and LEDs 

Terminal strips CON7 and CON8 are 
made by first dove-tailing two sections 
together. CON7 comprises a 3-way ter¬ 
minal with a 2-way section secured on 
each side. Similarly, CON8 is made by 
dovetailing a 3-way and 2-way terminal. 
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Fig.4: component overlays for the two PCBs - the power board at top and the control 
board at bottom. Again, we must reiterate that only one set of links (LK1-LK6) for 
either high-side switching (pink) or low-side switching (blue) can be fitted, otherwise 
the life-span of the fuse can be measured in milliseconds! 


Orient these with the wire entry side 
adjacent to the edge of the PCB. 

LED1-LED4 need to have their leads 
bent so they can protrude through the 
side of the diecast box. Each LED is 
mounted so the inside of the top lead 
is 15mm above the PCB. 

Drilling the case 

Now insert the control PCB inside the 
case. Mark the mounting hole positions 
and drill the required four 3mm holes. 

Final PCB preparation involves at- 
taching an M3 tapped x 9mm standoff 
to each corner mounting position. 

The other holes in the side and lid 
of the case are shown in the diagram 
of Fig.5 on page 67. The required holes 
for the LEDs are 5mm in diameter and 
25mm up from the outside base of the 
case. Do not forget to drill the hole at 
the CON7 end of the box for the cable 
gland. Drill this hole 25mm down from 
the top edge. 

Mount the PCB onto the spacers with 
the M3 x 6mm screws. If using coun- 
tersunk screws on the base, countersink 
the holes first. Secure to the base of the 
box with the M3 screws. 

Power PCB assemby 

Assembly of the PCBs can begin by 
installing the 4.7Q gate resistors for 
MOSFETs Ql and Q2, and 15V zener 
diode ZDl. 

As already noted, the high-current 
links for low or high-side switching 
each consist of four sections of tinned 
copper wire. And we now repeat: only 
install LKl, LK2, LK3 and LK7 for high- 
side switching (HSS) or LK4, LK5, LK6 
and LK8 for low-side switching (LSS). 
These links are shown in red for HSS 
and blue for LSS. Do not install both 
sets otherwise you will provide a com- 
plete short circuit which will vaporise 
the fuse! 

Note that each set of HSS or LSS links 
must be soldered on both the top and 
bottom of the PCB. 

Ql and Q2 are mounted directly on 
the PCB and secured with M3 screws 
and nuts. Bend the leads to insert into 
the MOSFET holes on the PCB and 
solder the leads to the top and bottom 
of the PCB. 

Diode Dl is mounted in the same 
manner. Note that it was installed dif- 
ferently on our prototype, but this has 
now been fixed. 

Fuse and fuse elips 

Now some notes about the fuse elips 
and fuse. The fuse holder elips are 
rated for a continuous current of up 
to 30A, although it is possible to fit 
a 40A fuse. 

If the motor you intend to use with 
this controller is rated for a continuous 


current up to 30A, then there is no prob¬ 
lem. Solder the fuse elips on both sides 
of the PCB. 

On the other hand, if your motor has 
a continuous current of up to 40A or 
more, the PCB-mount fuse elips will 
not be adequate. 

In this case, the correct approach is 
to fit an in-line 5 AG fuseholder in place 
of the 30A blade fuseholder (eg, Jaycar 
SZ-2065) together with a 40A 5AG fuse. 
The holes in the PCB which housed the 
30A fuseholder may need to be enlarged 
slightly to fit heavy-current wires for the 
5AG fuseholder. 

Terminals CONl and CON2 are 
mounted with the wire entry toward 
the outside of the PCB. 


install the two 12mm spacers on 
the underside of the PCB using two 
M3 screws. 

The banana connectors/binding 
posts are unscrewed and the insulating 
bush arrangement fitted on top and the 
underside of the lid, then the nut is 
attaehed. The second nut goes on after 
the PCB is attaehed to the terminals. 
Use red for the Motor-ı- and Battery+ 
and black for the Motor- and Battery- 
terminals. Fig.6 shows the wiring 
connections between the two PCBs. 

Make sure there is sufficient length 
for each wire so the terminal side of 
the ‘power’ PCB can sit över the CON8 
terminals. The wires are secured with 
cable ties. 
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‘power’ PCB on the lid (underside) and use it as a template to mark out the lid 
holes - they’re the only ones that are really critical. 


For the main control PCB, there are 
holes available on the PCB in front of 
the screw terminals that allow cable 
ties to secure the wiring to the PCB for 
strain relief. 

For our prototype, we installed the 
power switch on the side of the box 
adjacent to the Power LED and wired 
it to CON7. Similarly, the throttle can 
be installed in the box. 

However, the switch and throttle 
would generally be used separate 
to the box, with the wires passing 
through the cable gland from CON8 
and to a potentiometer or throttle. The 
emergency shut-down switch wiring 
would also pass through this gland. 

Wiring to a motor 

Unless the motor is to run at a full 30A 
load current continuously, 25A-rated 


wire could be used to make the battery 
and motor connections. Typically, this 
wire comprises 41 strands of 0.3mm 
tinned copper wire. These wires will 
fit through the binding post wire hole. 

For higher current, use 56A wire (7 
x 95 x 0.12mm wire). This wire won’t 
fit through the post wire hole. However, 
you can crimp the wires first to 8mm 
ID crimp eyelets and secure these to 
the terminals. 

Testing 

With ICl out of its Socket, apply power 
between the Battery+ and Battery- ter¬ 
minals. Check that there is approxi- 
mately 12 V at the output of REGl and 
5V at the REG2 output. Rotate VR2 and 
VR3 fully clockwise and VRl, VR4, VR5 
and VR6 fully anti-clockwise. Set VR5 
mi d way. 


Nominal 

supply 

voltage 

R1 

R2 

JP1 

Inserted? 

ZD4 

12V 

22kQ 

10kQ 

Yes 

None 

24V 

56kQ 

27kQ 

No 

10V 1W 

36V 

82kQ 

47kQ 

No 

20 V 1W 

48V 

91 kQ 

68kQ 

No 

30V 3W 


Table 1: resistor, zener and jumper 
settings for various battery voltages. 


If you are using a Hail effect throt¬ 
tle, monitor the voltage at TPl as the 
throttle is rotated from minimum to 
maximum. Take note of the minimum 
and maximum voltage. Then set VRl 
to the minimum voltage and VR2 to the 
maximum voltage. 

Check that these settings are within 
the allowable range. See the specifica- 
tions published in Part 1 last month for 
the reference voltage settings. Now turn 
the power off and insert ICl. 

Shut down 

You can use the shut-down feature in 
one of two modes. Mode 1 is where 
normal motor speed control operation 
is restored önce the throttle is returned 
to zero. 

The second mode is where motor 
speed control operation is only restored 
when power is switched off and on 
again. Emergency shut down is indi- 
cated by LED4. 

At every power up, this LED also 
lights up momentarily to indicate which 
mode is set. For the first mode, the LED 
blinks önce and it blinks twice for the 
second mode. 

To change the mode, press and hold 
the limit switch (S2) at power up. (Note 
that it is not the shut-down switch that 
is pressed at power up). 

The mode will then change from one 
to the other. The shut-down LED will 
also flash önce if it is the first mode 
that’s selected, or twice for the second 
mode. The selected mode is stored in 
ICl to be used subsequently. 

Throttle limit 

Press S2 and adjust the throttle for the 
maximum speed required from the 
motor. Release the switch at this speed. 

In use, bringing the throttle beyond 
the speed limit will be indicated by the 
shut-down/limit LED lighting. 

Low-battery threshold 

The low-battery threshold is set by ad- 
justing VR3 and measuring the voltage 
at test point TPV. 

To make the adjustment, first 
decide on the low-battery cutout volt¬ 
age required; typically 11.5V for a 12V 
lead-acid battery. Then measure the 
voltage at the switch Sl terminals or 
at the CON7 switch terminals when 
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Fig.6: the 
wiring diagram 
for connections 
between the 
power PCB and 
the control PCB. 

As mentioned 
earlier, none of 
this wiring has 
heavy currents 
through it 

so ordinary power I 
hookup wire SWITCH | 
(but not sı 

rainbow cable!) 
can be used. 


the switch is on and note it. Finally, 
measure the actual 5V supply (at the 
out terminal of REG2 - while the 
regülatör has a nominal 5V output, 
it could be anywhere from 4.95V to 
5.05V out). 

Divide the voltage measured at Sl 
by the required low-voltage threshold 
value. Then multiply the result by one 
half of the actual 5 V supply. 

The formula is TPV = (voltage at Sl -f 
low-battery voltage value) x (the actual 
5V supply -f 2). 

Say, for example, the measured volt¬ 
age at Sl is 13V and the required low 
battery shut-down voltage is 11.5V. 
Now divide 13V by 11.5V. The result 


of the calculation is 1.13. If the actual 
5V supply is 4.95V, then half its value 
is 2.4 75V. Multiplying thisby 1.13 gives 
a result of 2.80V. 

Note that if you decide to change 
the low-battery threshold, the voltage 
at Sl needs to be re-measured and the 
TPV voltage recalculated and reset. 

Adjusting feedback 

Rotate the gain trimpot fully anti- 
clockwise if you don’t want motor 
speed feedback. 

Otherwise, set the feedback control 
VR6 fully clockwise for high-side 
operaton (and fully anti-clockwise 
for low-side operation) and the gain 


control VR5 about one-third back from 
its fully anticlockwise position. 

Then, with the motor running, 
rotate the feedback control anti- 
clockwise (clockwise for low-side 
operation) until the motor just starts 
to increase in speed. Rotate slightly 
clockwise (anticlockwise for low- 
side operation), until the motor 
speed slows again. The gain control 
is then adjusted for the required 
amount of speed regulation when 
the motor is under load. 

You can adjust the soft-start con¬ 
trol VR4 and the frequency control 
VR7 to süit your particular motor and 
application. 
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VVelcome to Teach-In 2018: Get 
testing! - electronic test equipment 
and measurement techniques. This 
Teach-In series will provide you with 
a broad-based introduction to choosing 
and using a wide range of test gear, how 
to get the best out of each item and the 
pitfalls to avoid. VVe'll provide hints and 
tips on using, and - just as importantly - 
interpreting the results that you get. We 
will be dealing with familiar test gear 
as well as equipment designed for more 
specialised applications. 


Our previous Teach-In series have dealt 
with specific aspects of electronics, such 
as PICs ( Teach-In 5), Analogue Circuit 
Design ( Teach-In 6) or popular low-cost 
microcontrollers ( Teach-In 7 and 8). The 
current series is rather different because 
it has been designed to have the broadest 
possible appeal and is applicable to 
ali branches of electronics. It crosses 
the boundaries of analogue and digital 
electronics with applications that span 
the full range of electronics - from a 
single-stage transistor amplifier to the 


most sophisticated microcontroller 
system. There really is something for 
everyone in this series! 

Each part includes a simple but useful 
practical Test gear project that will build 
into a handy gadget that will either extend 
the features, ranges and usability of an 
existing item of test equipment or that will 
serve as a stand-alone instrument. We Ve 
kept the cost of these projects as low as 
possible and most of them can be built 
forlessthan£10 (includingcomponents, 
enclosure and Circuit board). 


This month 

In this fifth part, In theory introduces 
inductors and the parameters that 
need to be measured when dealing 
with them. Gearing up introduces 
measuring instruments and techniques 
used for testing inductors, resonant 
circuits (where resistance, capacitance 
and inductance are ali present at the 
same time), and quartz crystals. Get it 
right! helps you to avoid some of the 
pitfalls, providing some useful tips that 
will help you to improve the accuracy 
and relevance of your measurements. 
Finally, our fifth Test gear project is a 
quartz crystal checker that can also act 
as a handy calibration marker. 



An inductor is an energy-storing 
device made up of a coil of wire (often 
comprising many turns) wound över a 
laminated Steel, ferrite or air core. When 
current flows in the coil, a magnetic field 
is created in the core and in the space that 
immediately surrounds it. inductors are 
specified in number of ways, including 
the value of inductance, tolerance and 
working current; they tend to fail within 
one of the following main types:. 

■ inductors with laminated-steel cores 

■ Ferrite-cored inductors (often 
toroidal in shape) 


■ Air-cored inductors (with or 
without non-magnetic coil formers). 

Depending on several factors (including 
the required value of inductance and 
operating frequency), different types of 
inductor are chosen for use in different 
applications. The type of inductor also has 
an impact on the tests and measurements 
carried out to determine whether it 
is functional and fit for purpose. For 
example, a large laminated-steel-core 
inductor will often have appreciable 
resistance due to the length of wire 
used in its construction. This results 
in a measurement 
that must take into 
account resistance as 
well as inductance, 
constituting 
an impedance 
rather than a 
püre inductance. 

We’ve summarised 
the properties of 
the main types of 
inductor in Table 5.1. 

Equivalent Circuit of 
an inductor 

The equivalent 
Circuit of an inductor 
is shows in Fig. 5.2. 

The components 
shown are: 

■ Effective 
inductance, L 


■ Parallel (or ‘shunt’) capacitance, Cp 

■ Equivalent series resistance (ESR), R$ 

■ Effective shunt resistance, f?p. 

It is important to be aware that the 
additional components showninFig. 5.2 
can affect the performance of an inductor. 
For example, at low frequencies, Cp 
is insignificant, but does become 
increasingly important at high and very 
high frequencies. Rp, on the other hand is 
of little consequence in low-impedance 
equipment (such as power supplies). 
Conversely, while R$ is unimportant 
in high-impedance circuits it becomes 



Fig.5.1 Different types of inductor with values ranging 
from lOpH to 10H 
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Table 5.1 Properties of various types of inductor 


Type of inductor 

Typical range of 
inductance 

Typical 

tolerance 

Typical 

resistance 

Typical current 
rating 

Typical applications 

Laminated Steel core 

lOmHtolOH 

±10% 

2 £î to 200ft 

500mA to 10A 

Power and low-frequency applications 

Ferrite core 

10jL/H tolOmH 

±5% 

0.2f> to 20& 

ImA to 1A 

Power supplies and filters 

Air core 

10nH to lOji/H 

±2% 

0.01 îî to lîî 

0.1 mA to lOOmA 

RF tuned circuits and filters 


critical in low-impedance situations 
(such as power supplies, amplifiers and 
switching circuits). 

Effective series resistance (Rs) 

The inductor’s effective series resistance 
[Rs) is the internal resistance of the 
inductor expressed as a single resistance 
value considered to be connected in 
series with a perfect inductor. Rs is 
mainly attributable to the resistance of 
the (copper) wire used in an inductor’s 
windings, but also takes into account 
the resistance of the connecting leads, 
contacts and tags (where appropriate). 
ESR is inversely proportional to 
frequency. In other words, as frequency 
increases, the ‘copper loss’ decreases. 

While only a very small amount 
of power is dissipated in Rp, a very 
significant power can be dissipated in Rs 
when an appreciable current (either AC 
or DC) is flowing through the component. 
The power loss in Rs results in internal 
heating which can, in some cases, be 
responsible for impairing the properties 
of the magnetic core (this is particularly 
important with ferrite components used 
as filters and transformers in high-current 
power supplies). 


Dissipation factor (D or DF) 

The dissipation factor of an inductor 
is the ratio of the inductor’s ESR to its 
reactance (XjJ at a specified frequency. 
As with a capacitor, dissipation factor is 
also referred to as ‘tan 5’ - ie, the tangent 
of the ‘loss angle’ of the inductor in 
which ESR [Rs) and reactance (A/J are 
the adjacent perpendicular sides. 

Since reactance (A/J varies with 
frequency, an inductor’s dissipation 
factor will also vary with frequency. 
Dissipation factor is usually quoted for 
sinusoidal AC power applications and 
is less meaningful when conditions are 
non-sinusoidal (as in switched-mode 
power supplies and class-C and D power 
amplifiers). Dissipation factor is givenby: 


D =tan ö =— 

Xl 


Rs 

2jtfL 



Fig.5.2 
Equivalent 
Circuit of a 
real inductor 


To help put this into context, consider 
the following example. An inductor of 
10H with an effective series resistance 
of 150fl is used at a frequency of 50Hz. 
The dissipation factor is given by: 

Rs 150 

~2jtfL _ 6.28x50x10 

=-—-=0.048 (or 4.8%) 

6.28x50x10 

Quality factor (Qor Q F ) 

Q is the ratio of inductive reactance (A/J 
to effective series resistance at a specified 
frequency. Quality factor is the inverse 
of the dissipation factor. Hence: 

Q = — and D =— 

D O 

Thus, in the previous example, at 
50Hz the inductor will have a Q -factor 
calculated from: 

O =— =—=29.4 
D 0.034 

As with capacitors, most universal 
bridges (see last month’s Teach-In) 
will allow you to measure Q and D to 
reasonable accuracy. 

Shunt capacitance (Cp) 

Shunt (parallel) capacitance is the 
effective capacitance of the inductor, 
including its connecting leads, tags or 
pins. It is important to be aware that 
this capacitance is made up of the sum 
of the component’s internal capacitance 
(ie, the capacitance between winding 
turns) and the stray capacitance of its 
external connections. 

Effective shunt capacitance reduces 
the effectiveness of an inductor at high 
frequencies. It is also responsible for a 
sharp rise in impedance that occurs at 


the component’s self-resonantfrequency 
(SRF). Depending on the inductor type, 
construction and value, the SRF occurs 
at frequencies of between about 1.3MHz 
for a İmH ferrite cored choke to around 
150MHz for a İpH PCB-mounting 
component. Typical values of shunt 
capacitance range from between lOpF 
and 20pF for a İmH ferrite choke, to 
less than 2pF for a İpH PCB-mounted 
component. A large steel-cored inductor 
will have significantly higher values 
of Cp, but this is usually of little 
importance in low-frequency and power 
applications. 

Measuring impedance 

impedance is an important parameter in 
a wide variety of electronic circuits and 
can be defined as the total opposition 
offered by a component or Circuit to 
the flow of alternating current (AC) 
at a stated frequency. Unlike püre 
resistance in a DC Circuit, impedance 
is a vector quantity that consists of a 
real part (resistance) and an imaginary 
part (reactance). The reactance can 
either be capacitive, —jXc, or inductive, 
+jX l- Note that the /-operatör is used 
to indicate the quadrature phase angle 
with current leading or lagging voltage 
by 90° according to the sign placed 
immediatelybeforethej-operator. Fig.5.3 
illustrate this important relationship 
between resistance [R) reactance (Ay 
and inductance (A/J. Note that the phase 
angle ( 0 ) is defined as the angle between 
applied current ( I) and voltage (V). 

Resonant circuits 

A resonant Circuit is one in which there 
is resistance and a combination of both 
inductive and capacitive reactance 
present. In such circuits there will be 
one particular frequency at which the 
current and voltage are exactly in-phase 
and since the reactive components 
effectively cancel one another out the 
Circuit behaves like one that 
contains only püre resistance. 
This can be extremely useful in 
a number of applications that 
require circuits to be selective, 
eg, accepting or rejecting current 
at a particular frequency. 

Circuits that contain only 
a combination of resistance 
and püre capacitance or only 
a combination of resistance 
and püre inductance are ‘non- 
resonant’ because the voltage 
and current will not be in-phase 
at any frequency. More complex 
circuits, containing both types of 
reactance together with resistance 
are described as ‘resonant’ since 



Fig.5.3 impedance trianglesfor (a) inductive 
and (b) capacitive reactance 
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there will be one frequency at which 
the two reactive components will be 
equal but opposite. At this particular 
frequency, (known as the resonant or 
tuned frequency) the effective reactance 
in the Circuit will be zero and the voltage 
and current will be in-phase. 

The reactive components in a series 
LCR Circuit will effectively cancel each 
other out when a Circuit is resonant. 
We can thus determine the frequency 
of resonance (/ 0 ) by simply equating the 
two reactive components, as follows: 


Xl = Xç, and thus: 


1 

2^r f 0 C 


= 2jtf 0 L 


Making / 0 the subject of this equation 
gives: 


/o 


1 


4 jt 2 LC 


1 

İJt^LC 


At resonance, the impedance of this 
Circuit will simply be equal to the 
resistance, R. 

In the case of a parallel resonant Circuit 
(L connected in parallel with C) and 
where the inductor has resistance R, the 
frequency of resonance will be: 





At resonance the impedance of the Circuit 
will be given by: 


z d = x cX A = ^: x I = A 

R İJifC R CR 

This is often referred to as the dynamic 
impedance of the resonant Circuit. 


Q-factor 

The Q-factor (or quality factor) is a 
measure of the ‘goodness’ of a tuned 
circuit and is sometimes also referred to 
as its magnification factor. In the case of 
a series tuned circuit, the Q- factor simply 
telis you how many times greater the 
inductor or capacitor voltage will be than 
the supply voltage. The better the circuit 
the higher the voltage magnification and 
the greater the Q-factor. Conversely, for 
a parallel circuit, the Q-factor telis you 
how many times greater the inductor 


or capacitor current will be than the 
supplied current. When dealing with 
resonant circuits it is thus important to 
have a means of measuring Q-factor as 
well as impedance. Practical values of Q 
for a resonant circuit range from about 
20 to 200. 



Measuring inductance 
The value of inductance (L) can 
be measured in various ways. The 
traditional method is that of using an 
AC bridge arrangement, like that shown 
in Fig.4.3 last month. The bridge is 
adjusted for a null on the indicator and 
in this condition is said to be ‘balanced’. 
In the balanced condition the value of 
inductance is read and interpolated from 
a calibrated scale. Note that some bridges 
incorporate provision for injecting a DC 
bias or for making use of external AC 
excitation. Automatic bridges are also 
available, and these eliminate the need 
for the manual balancing operation. 

LCR meters 

Unfortunately, while modernmultimeters 
often incorporate capacitance ranges 
they very rarely incorporate inductance 
measuring facilities. Fig.5.4 shows an 
exception to this rule in the form of 



Fig.5.4 A low-cost multi-range 
LCR meter 



Fig.5.5 The Peak Electronics LCR40 
being used to check the value of a 
small steel-cored inductor 


a low-cost portable multi-range LCR 
meter available for purchase on-line for 
around £10. This instrument doesn’t 
have the usual current and voltage 
ranges but instead has no less than 
nine resistance ranges, six capacitance 
and four inductance ranges. For good 
measure, this particular instrument also 
measures transistor current gain! 

Instruments like the Peak Electronics 
LCR40 and LCR45 (described last month) 
can be a useful investment if you need 
to measure inductors on a regular 
basis and with a reasonable degree of 
accuracy. Note that, in addition, the Peak 
Electronics LCR45 measures complex 
impedance, complex admittance (both 
displayed in rectangular form) as well as 
the magnitude and phase of impedance 
displayed in polar form. Fig.5.5 shows 
the Peak LCR40 being used to measure 
the inductance of a steel-cored choke. 
Additional information can be obtained 
by simply scrolling the display. 


Measuring impedance 

impedance measurement tends to 
be a little more complicated than 
simple inductance and capacitance 
measurement. However, several different 
methods are available, including: 

■ Manual or automatic impedance 
bridges 

■ Measurements based on resonance 

■ V-I techniques 

■ Network analysers. 

Table 5.2 shows a comparison of the 


İnstrument or method 

Advantages 

Disadvantages 

Typical freguency range 

Typical application 

Manual or automatic 
AC bridge 

Accuracies of better than 
0.5% can be achieved 

May need manual 
adjustment and balancing 

DC to well över 50MHz 

Laboratory testing 

Resonance 

Only suitable for lıigh-û 
components 

Requires manual 
adjustment 

100kHz to 10MHz 

Tuned circuits and other 
lıigh-û measurements 

V-l method 

Can be easily performed 
using readily available test 
instruments 

Requires calculation using 
separate voltage and 
current measurements 

50Hz to 1MHz (RF V-l 
instruments are available 
but can be expensive) 

Low-0 inductors used 
in AC power and audio 
frequency applications 

Network analyser 

Very wide frequency range 
coupled with high accuracy 

Expensive, may need 
recalibration at different 
freguencies 

1MHz to 1GHz 

Laboratory analysis and 
circuit design 


Table 5.2 Comparison of impedance measuring technigues 
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Fig.5.10 Variation of Q-factor with frequency 
for the inductor shown in Fig.5.11 



Fig.5.6 The V-Imethod of impedance 
measurement 


above methods. Note that several of 
these methods require expensive test 
equipment. 

Using the V-I method 

TheV-Imethodofinductance/impedance 
measurement can be quite effective and 
will yield useful results with reasonable 
accuracy. It is thus ideal for ‘one-off’ 
measurements. Fig.5.6 shows thesimple 
arrangementusedby the author. Two sets 
of measurements are required, one at DC 
and the other using an AC source. The 
unknown impedance is first connected 
to a DC power supply, as shown in 
Fig.5.6 (a). The power supply (virtually 
any variable bench power supply will 
be suitable) is then adjusted until the DC 
voltmeter reads exactly IV. At this point 
the DC current is measured and recorded. 

Next, the unknown impedance is 
connected to an AC source, as shown in 
Fig.5.6(b). The AC source can be asignal 
generator with a low output impedance 
or a 50Hz transformer with a low voltage 
secondary winding and a suitably rated 
variable resistor connected in series with 
the secondary. The frequency of the AC 
source is set to the required test frequency 
(usually 50Hz, 100Hz or 400Hz) and 
the AC voltage is adjusted until the AC 
voltmeter reads exactly IV. 

At this point, the AC current is 
measured and recorded. Tests are often 
carried out at 50Hz or 100Hz for large 


inductors and at 400Hz, 1kHz 
or 10kHz for smaller ferrite- 
cored inductors. The recorded 
values can then be entered into 
a spreadsheet (available for 
dovmload from the EPE website) 
and the impedance can then be 
automatically calculated (see 
Figs.5.7 and 5.8). The spreadsheet 
will save you having to perform 
several error-prone calculations by 
hand. The accuracy of this method 
is often comparable with other 
methods and will usually yield 
a result that is better than ±5%. 

Q-measurement 

Q-factor can be measured using 
various methods, but the most 
simple and convenient method 
is with the aid of a dedicated 
Q-meter. This instrument 
comprises a very low-impedance 
variable-frequency source together with a 
sensitive RF voltmeter. Typical examples 
of instruments that become available on 
the second-hand market from time to 
time are the Advance T2 (see Fig.5.9) 
and the Marconi TF1245 Q-meter. More 
complex network analysers have largely 
superseded such instruments, but they 
can stili be invaluable if you design and/ 
or manufacture resonant LC circuits on 
a regular basis. They also tend to be 
(much) more affordable than network 
analysers. Fig.5.10 shows typical results 
obtained from the author’s Q-meter 
when designing a high-Q inductor for 
use in a high-power antenna tüner. 
To reduce losses, the 44pH inductor 
was manufactured using silver-plated 
copper wire wound on a large ceramic 



Fig.5.9 An Advance Electronics T2 
Q-meter 


former and, as can be seen, it manages 
to achieve a Q-factor of 150 with a shunt 
capacitance of 40pF at a measurement 
frequency of 3.4MHz. 

Dip met er s 

A hand-held dip meter (see Fig.5.12) 
provides a very simple method of 
measuring the resonant frequency of a 
tuned Circuit. The instrument comprises 
a variable frequency RF oscillator and a 
meter that either resp onds to the amount of 
current supplied to the oscillating device 
(eg, the collector current of the oscillator 
stage) or is arranged to indicate the RF 
voltage appearing across the oscillator 
LC ‘tank’ circuit. In use, a coil is selected 
from those supplied with the instrument 



Fig.5.11 A large air-cored 44pH 
inductor wound on a low-loss 
ceramic former 





V-I Method 

1. Apply IV DC to the component or Circuit. 

2. Select an appropriate DC current renge. 

3. Measure the DC current flowing and enter it here; 230 mA 

4. Apply IV AC to the component or eîrcust 

5. E nte t the AC sîgn a 1 frequ ency here; 1Û0 H z 

6. Select an appropriate AC current range, 

1. Measure the AC current fîowıng and enter it here: 125 mA 



V-I Method 

1. Apply IV DC to the component or Circuit. 

2. Select an appropriate DC current range, 

3. Measure the DC current flowtng and enter ît here: 900 mA 

4. Apply IV AC to the component or Circuit 

5. Enter the AC signal frequency here: 100 Hz 

6. Select an appropriate AC current range. 

7. Measure the At current flowing and enter it here: 45 mA 





Calculated results: İmpedance, Z = S. 00 o hm 

Resistance, R = 4.35 ohm 

Reactance,X = 6.72 ohm 

Inductance, L= 10.69 mH 

Power factor, PF = 0.543 



Calculated results: İmpedance, 1= 22.22 ohm 

Resistance, R = 1.11 ohm 

Reactance,X= 22.19 ohm 

Inductance, L - 35.34 mH 

Power factor, PF = 0.050 



Fig.5.7 Spreadsheet analysis of V-I results for a lOmH Fig.5.8 Spreadsheet analysis of V-I results for the steel- 
ferrite-cored inductor cored inductor shown in Fig.5.4 
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Get it right when carrying out impedance, resonance and Q-measurement 

• Always ensure that your measurements are made at an appropriate frequency. 
For example, when using the V-I impedance method ensure that the AC 
measurement is made at a frequency that’s within the expected operating range 
for the component being tested 

• When measuring small values of inductance, ensure that measurements are 
carried out with the shortest possible test leads. If using a hand-held instrument 
(like the Peak LCR40 and LCR45) ensure that the test probes are calibrated by 
opening and shorting them immediately before making a measurement. If using 
a bench instrument for testing inductors it is best to connect the component 
directly to the instrument (ie, without using test leads or prods) 

• When using a Q-meter, ensure that the inductor is mounted well away from 
any ferromagnetic or ferrite components. It should also be supported clear of 
any grounded parts (such as the case of the instrument itself) 

• When using a hand-held dip-meter ensure that there is adequate coupling 
between the instrument and the resonant Circuit on test. Furthermore, some 
instruments will display false dips, so it can be useful to carry out an initial 
frequency sweep before attempting to make a measurement (the initial frequency 
sweep will reveal any problems before you attempt to locate a dip) 

• When using an impedance bridge, select a higher range and work downwards, 
progressively increasing the sensitivity of the instrument in order to obtain a 
sharp null indication 

• Self-resonant frequency (SRF) measurements can be misleading unless you 
are able to minimise the effects of stray capacitance and inductance resulting 
from instrument connections 

• Don’t rely on measurements where component values may be towards the 
end of the instrument’s measuring range (accuracy will be impaired as the 
instrument’s limits are approached). 



Fig.5.12 A wide-range dip meter 
covering 1.5MHz to 250MHz in six 
ranges 



Fig.5.13 Using the dip meter to check 
a resonant Circuit 


covering the expected frequency range 
and then inserted into a socket on the 
hand-held unit. The sensitivity control is 
adjusted for a mid-range indication and 
the coil is held in close proximity to the 
LC circuit on test. This is accomplished 
with the coil held end-on to the inductor 
or resonant transformer to maximise 
inductive coupling, as shown in Fig. 5.13. 
The oscillator frequency control is then 
carefully swept across the expected range 


while observing the meter indication. 
When the oscillator frequency matches 
that of the resonant circuit, energy is 
coupled into the circuit on test and, as 
a consequence, there is a sudden dip in 
the meter indication. The MFJ-201 dip 
meter shown in Fig.5.12 covers 1.5MHz 
to 250MHz in six ranges and this handy 
device can also operate as an absorption 
wavemeter and quartz crystal checker 
(see later). 


Test GearProject Hami» 


Quartz crystals are widely used in 
electronic circuits when an accurate 
reference frequency is required. A 
quartz crystal undergoes mechanical 
deformation when a voltage is applied 
across its faces. Conversely, a voltage 
is developed across the same faces 
when it is mechanically deformed. This 
phenomenon is 



Fig. 5.14 A selection of crystals with 
fundamental resonant frequencies of 
32kHz to 13MHz 


wires are soldered at nodal points on each 
electrode and the complete assembly is 
enclosed in an evacuated glass or metal 
envelope. Lead-out pins or wires are 
connected to external circuitry. The 
type of encapsulation, size, dimension 
and pin-spacing varies from one type 
of crystal to another. Some of the most 
common crystals are the HC18/U types 
that are miniature, metal encapsulated 
wire-ended types which may be soldered 
directly to aPCB without sockets. A similar 
type, fitted with pins for connection to a 
socket is the HC25/U (see Fig.5.14). 


known as the 
piezoelectric effect 
and it has several 
useful applications 
in electronics, 
including accurate 
frequency control 
of oscillators. 

Quartz crystals 
used in electronic 
circuits usually 
consist of a thin 
slice of quartz. 
Opposite slice faces 
have electrodes 
made from a thin 
film of deposited 
gold or silver. Fine 



Fig.5.15 Complete circuit of the Handy Crystal Checker 
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Fig.5.17 LED and transistor pin connections 


Fig.5.16 Stripboard layout ofthe Handy Crystal Checker 

Quartz crystals exhibit Q-factors that are 
many times larger than those that can be 
obtained with even the very best LC tüne d 
circuits. T he reason for this is that the ratio 
of equivalent inductance (L) to series loss 
resistance ( Rs ) is exceptionally high. It’s 
also worth noting that the stability that 
can be attained by a crystal is directly 
related to its Q-factor. In other words, 
the higher the Q-factor the greater will be 
the stability of the output derived from a 
crystal-controlled oscillator. 

Fundamental versus overtone operation 

Crystals, and their associated oscillator 
circuits tend to fail into one of two 



Fig.5.18 Internal ıviring ofthe Handy 
Crystal Checker 



Fig.5.19 External appearance ofthe 
finished Handy Crystal Checker 


main classes - 
fundamental and 
overtone. Crystals 
manufactur e d 
for fundamental 
operation are 
designedto oscillate 
at their basic resonant frequency, whereas 
those intended for overtone operation 
oscillate at, or very near, a whole mımber 
multiple of their fundamental resonant 
frequency. Generally, the third overtone 
is preferred, although fifth, seventh, and 
even ninth overtone devices are available. 
At high frequencies, crystals become 
extremely thin and are consequently 
more difficult and more expensive to 
manufacture. As a result, fundamental 
crystals are normally used at frequencies 
up to about 20MHz;beyondthis, overtone 
units are usually employed. Note that, 
since the properties for a given crystal unit 
may be different at an overtone frequency 
when compared with its fundamental 
resonance, no reliance shouldbe placed on 
the behaviour of a crystal at any frequency 
other than that for which it is designed. 

Our handy crystal checker will allow 
you to test fundamental crystals between 
2MHz and 20MHz and third/fifth overtone 
components from 20MHz up to 120MHz. 
Note that overtone crystals will be tested 
at their fundamental frequency so that, 
for example, a 48MHz third-overtone 
crystal willbe operated at its fundamental 
resonant frequency of 16MHz. 

The complete Circuit of our Test Gear 
Project is shown in Fig.5.15. The Circuit 
comprises a fundamental Colpitts 
oscillator stage (TRl) followed by a 
detector (D2 and D3) and a DC amplifier 
(TR2). Two LED 
indicators are 
fitted; Dİ (red) 
indicates that the 
circuit is switched 
on while D4 
(green) indicates 
oscillation and that 
the quartz crystal 
is functional. 

In addition, the 
output waveform 
is made available 
at a BNC connector 
(SK3).Thismakesit 
possible to connect 
an oscilloscope, 
digital frequency 
meter or small 
antenna. 


You will need 

Perforated copper stripboard (9 strips, 
each with 25 holes) 

2 2-way miniature terminal blocks 
(STl and ST2) 

1 AB S case with integral battery 
compartment 
1 9V PP3 battery clip 
1 9V PP3 battery 

1 Miniature DPDT toggle switch (Sl) 
1 Red 2mm panel-mounting socket 
(SKİ) 

1 Black 2mm panel-mounting socket 
(SK2) 

1 Chassis-mounting BNC connector 
(SK3) 

1 2-way PCB header (XI) 

2 BC548 transistors (TRl and TR2) 

2 1N34 diodes (D2 and D3) 

1 5mm red LED (Dİ) 

1 5mm green LED (D4) 

3 lk£l resistors (Rl, R4 and R5) 

2 lOOka resistors (R2 and R3) 

1 lOOpF 16V radial electrolytic (Cl) 

1 İnF 63V ceramic capacitor (C2) 

5 lOOpF 63V capacitors (C3 to C7) 

1 Optional crystal holders (see text) 

Assembly 

Assembly is straightforward and should 
follow the component layout shown 
in Fig.5.16. Note that the stripe on D2 
and D3 marks the cathode connection, 
while the ‘+* Symbol shown on Dİ and 
D4 indicates the more positive (anode) 
terminal of the two LEDs. The pin 
connections for the LEDs and transistors 
are shown in Fig.5.17. The reverse side 
of the board ( not an X-ray view) is also 
shown in Fig.5.16. Note that there’s 
a total of 21 track breaks to be made. 



Fig.5.20 Using the Handy Crystal Checker to check a wire- 
ended crystal 
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Fig.5.21 An adapter for testing 
HC25/U crystals 


These can be made either with a purpose 
designed spot-face cutter or using a 
small drill bit of appropriate size. There 
are also seven links that can be made 
with tinned copper wire of a suitable 
diameter or gauge (eg, 0.6mm/24SWG). 
When soldering has been completed it 
is very important to carry out a careful 
visual check of the board as well as an 
examination of the track side of the 
board looking for solder splashes and 
unwanted links between tracks. The 
internal and rear panel wiring of the 
semiconductor junction tester is shown 
in Fig.5.18. Note that the PCB header 
connector (XI) is wired to ST2. 



Fig.5.22 Using the breadboard text 
fixture to test a wire-ended HC6 crystal 


Setting up 

No setting up is required after assembly 
- ali you need to do is to connect a 
PP3 battery and switch on! Dİ should 
become illuminated - if not, check the 
battery and Circuit connections carefully. 
Next, connect a quartz crystal (ideally, 
a fundamental mode unit in the range 
4MHz to 14MHz) to SKİ and SK2, as 
shown in Fig.5.20. The green LED (D4) 
should then become illuminated to 
confirm oscillation. Figs.5.21 and 5.22 
show how the Handy Crystal Checker 
can be used to test HC25/U and wire- 
ended HC6 crystals respectively. In the 
former, to simplify connection, we have 
constructed a simple adapter using two 
2mm connectors and an HC25/U crystal 
socket covered with a short length of 
heat-shrink sleeving. 

If required, you can easily check 
the frequency of oscillation by 
connecting a digital frequency meter 
or an oscilloscope to SK3, as shown in 
Fig.5.23. Alternatively, you can check 
the frequency of operation by connecting 
a short wire to the centre of the BNC 
connector and tuning a nearby radio 
receiver to locate the signal produced. 
In Part 7 of our Teach-In 2018 series 
we will show how a low-cost ‘dongle’ 
can be used with appropriate software 
to construct a basic software defined 
radio (SDR) which wiB provide you 
with a useful and inexpensive method 
of measuring a wide variety of RF (radio 
frequency) signals at frequencies from 
150kHz to 1.5GHz. 

Next month 

Next month’s Teach-In 2018 will look at 
audio frequency tests and measurements. 
Our project wiB feature a low-distortion 
audio frequency test signal source. 

Part 3 - ooops! 

My thanks to Dr JCC Nelson from 
Horsforth, Leeds. He spotted an error 
in Fig.3.9 ( Teach-In 2018, Part 3). 
The inputs to the 741 op amp (ICl) 
are incorrectly labelled and need to 
be swapped: V to and vice versa. 
Fortunately, the stripboard layout is 
correct and the Circuit will operate as 
designed and described. 



Fig.5.23 
Using a 
digital 
frequency 
meter to 
check the 
fundamental 
frequency of 
an HC25/U 
crystal 



PoLabs 


For more information or 
softvvare dovvnload please visit 


www. poscope.com/epe 


Connect, Control 


USB 

Ethernet 
Web server 
Modbus 
CNC (Mach3/4) 
10 


- PWM 

- Encoders 

- LCD 

- Analog inputs 

- Compact PLC 


Drive 


up to 256 

microsteps 

50 V/ 6 A 

USB configuratîon 

Isolated 


- up to 32 
microsteps 

- 30 V/ 2.5 A 


Measure 


- up to 50MS/S 

- resolution up to 12bit 

- Lowest power consumption 

- Smallest and lightest 

- 7 in 1: Oscilloscope, FFT, X/Y, 
Recorder, Logic Analyzer, Protocol 
decoder, Signal generator 

Promotional discount for Poscope 
Megal and Pos cope Megal bundle. 
Discount code: bargaınscopeMI 
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ON SALE in WHSmith and other 
independent nevvsagents 
NOW! 


gstthe 


latest 


t £ach 


?. F OUR 


COpy 


IN ser/ E{ 


HOW[ 6 

Teach-ln 8 - 
Exploring the Arduino 

This exciting series has been designed for electronics 
enthusiasts who want to get to grips with the inexpensive, 
immensely popular Arduino microcontroller, as well as 
coding enthusiasts who want to explore hardware and 
interfacing. Teach-ln 8 provides a one-stop source of 
ideas and practical information. 

The Arduino offers a remarkably effective platform for 
developing a huge variety of projects; from operating 
a set of Christmas tree lights to remotely controlling a 
robotic vehicle through vvireless or the Internet. Teach- 
ln 8 is based around a series of practical projects with 
plenty of information to customise each project. The 
projects can be combined together in many different 
ways in order to build more complex Systems that can 
be used to solve a wide variety of home automation 
and environmental monitoring problems. To this end the 
series includes topics such as RF technology, vvireless 
netvvorking and remote Web access. 


PLUS: PICs and the PlCkit 3 - A beginners guide 

The why and hovv to build PlC-based projects. An extra 12 part series based around the popular PIC 



PRICE £8.99 

(includes P&P to UK if ordered direct from us) 


ORDER YOUR COPY TODAY JUST CALL 01202 880299 

OR VISIT www.epemag.com 


























Echoing the answer 

A stonishingly some four years have already 
passed since this column first hailed the new 
generation of Internet-of-Things devices and 
appliances that were coming över the horizon. They would 
prove to be the forerunners of many ‘smart’ new things to 
arrive. In April 2014’s column, for example, I mentioned 
the new WeMo smart sockets and devices from Belkin, and 
a year later came Amazon’s Echo (August 2015, Net Work), 
a smart loudspeaker featuring a voluble new interactive 
helper called ‘Alexa’. 

Electronic voice synthesis has come a long way since 
the seminal 1970s Speak & Spell electronic spelling game 
designed by Texas Instruments (try the Speak & Spell 
Simulator at: www.speaknspell.co.uk - requires Flash - 
or Speak and Spell for Android, available in the Google 
Play Store). Just a year or two later, in 1982 I rushed home 
clutching a new Mattel Intellivoice speech synthesis add- 
on for my Intellivision TV game console. The console’s 
first electronically generated speech-enhanced game was 
Space Spartans (sold separately), which, along with the 
Intellivoice, would cost £350 in today’s money. As a young 
chap, I was spellbound by these computerised voices and 
colourful graphics - and I’d never seen or heard anything 
like it. As a sabite to those early days of digitised elocution, 
my Windows PC boots up with ‘Hello Commander, 
Computer Reporting’, the original 1980s Space Spartans 
speech sample, which, joyfully, has been made available on 
Intellivisionlives.com. (You can use free VVinaero Tweaker 
to set your Windows default startup sound if necessary - 
see https://winaero.com) 



You can experience 1970s voice digitisation with the Texas 
Instruments Speak and Spell Simulator (needs Flash) hosted at 
Speakandspell. co. uk 


Fast-forward more than a third of a century to those near- 
perfect voices entombed in Google Assistant, Amazon’s 
Alexa and Microsoft’s Cortana, and the era of voice- 
controlled artificial intelligence has well and truly arrived. 
There has been a growing choice of IoT smart devices and 
wider acceptance of network control - British Gas now 
claims more than half a million British homeowners use 
Hive smart thermostats to control their heating systems. It’s 
become easier than ever to manage many everyday tasks 
around the house or get help when you need it by talking 
to a user-friendly smart speaker hosted on a domestic Wi-Fi 
network. 

Black Friday bonanza 

So-called Black Friday and Cyber Monday are two November 
sales events imported directly from the US - Amazon UK 
claims to be the ‘home of Black Friday’ - and these dates 
have entrenched themselves firmly in the savvy shopper’s 
calendar. Many High Street shops in Britain were almost 
empty on Black Friday, as shoppers sought out the best 
deals online. I too buckled under the onslaught of countless 
emails and TV adverts, and an Amazon 30% Black Friday 
deal on their Amazon Echo Dot smart speaker proved 
irresistible. It was Amazon’s bestseller on Black Friday. 

One of these Wi-Fi-powered plastic pucks was soon 
perched on a table, displaying a colourful halo of lights. 
For a few pounds more, a TP-Link mains smart plug was 
included in an Amazon bundle. And, not forgetting the free 
Philips Hue smart bulb that the John Lewis store chain used 
to reward me for buying an insurance policy, it looked as 
though my home smart network was finally taking shape! 

The Echo Dot is Amazon’s smallest standalone smart 
loudspeaker, and this second-generation device builds on 
the Alexa experience following its launch in the UK last 
year. Installation of the Echo Dot started by downloading 
the Alexa app onto a smartphone, but the author’s SoHo 
router defeated the gadget’s auto setup process. After 
manually configuring the logins, a minute or two later the 
Echo Dot was humming away on the home network. 

The Echo Dot is just 83mm in diameter by 32mm high, 
mains-powered and has a 3.5mm speaker jack - or it can 
stream audio via Bluetooth. Pushbuttons on top can disable 
the microphone, change volüme or access setup. The 
Amazon Alexa app handles configuration settings, starting 
with some basics: metric or imperial units for weather and 
distance, as well as choosing a ‘Flash Briefing’ or streaming 
news content - BBC News is enabled by default - but 
hundreds of other news sources or ‘skills’ are available - 
including, for example, Gerry Anderson News (1960s TV 
series news, merchandise...) or newspapers and sports 
clubs. Owners of the new Echo Show with built-in LCD 
screen would enjoy enhanced video news feed as well. 

Out of interest, a National Grid Usage ‘Flash Briefing’ 
States the current total UK electricity power consumption 
(40.98GVV, Alexa informed me). Any number of sports and 
news feeds can be configured in the app, assuming you 
have the patience to listen to them! The Alexa app can link 
with Google, Outlook and iCloud calendars and will read 
out your schedule. The app can configure ‘Routines’ similar 
to a macro of tasks, which will also work with compatible 
smart devices such as Philips Hue LED bulbs. 
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echo dot 

Add Alexa to any room 



Amazon’s Echo Dot smart speaker was Black Friday’s bestseller 
in 2017 


Teaching new skills 

A range of ‘skills’ adds new features, such as a wind chime 
player or ‘Fun Facts’. This latter skill helpfully stated that 
18 acres of pizza are eaten in America every day. Skills 
are easily added online via the Amazon website. Worth 
knowing about are separate IFTTT (If This, Then That) 
‘recipes’ or Services, enabling an Amazon Echo to perform 
some task-specific duties, but the range is very limited 
so far. See https://ifttt.com/amazon_alexa and check out 
applets for other devices and Services too. (One IFTTT 
service pings me a notification when the International 
Space Station passes overhead, for example.) 

Alexa’s English accent is easy enough on the ear, and 
my first impression was that the gadget’s responsiveness 
was nothing short of remarkable. Prefixing every utterance 
with the wakeword ‘Alexa’ can become tiresome (you can 
also choose Echo, Amazon or Computer), but usually the 
Echo Dot turns up trumps when dealing with everyday 
questions or simple tasks. Ask it the weather, set an alarm, 
crack a joke, read out the BBC News headlines (or UK 
power consumption) or play music hosted on your Amazon 
account, Alexa generally tackles these reliably and without 
fuss. It’s worth remembering that each time you buy a 
music CD from Amazon, a free MP3 copy is hosted on your 
account so you can listen using Amazon apps or an Echo: 
some Amazon customers have rediscovered long-forgotten 
music CDs in their Amazon library this way. Alexa will 
start streaming your favourite music, and can be told to 
pause, next (skip) or stop playing after so many minutes, 
change the volüme or act as a sleep timer, and it can sound 
an alarm after a period of time. Set an alarm for 9 o’clock 
and Alexa will ask, morning or evening? 

The Amazon Echo Dot can also handle multi-room music, 
and it can cali and message family or friends who have 
opted in with their own Echo devices and app. This could 
be a boon, especially for elderly or infirm users. Overall, 
the Echo Dot offers plenty of scope for first time users to 
sample what smart home networking can now offer at a 
modest cost. 

Rival devices include the Google Home, the Google Home 
Mini pod (Google’s answer to the Echo Dot) and Home Max 
speaker, featuring Google Assistant, which recognises up to 
six different voices for a more personalised experience. The 
ability to ‘broadcast’ messages around the area, Tannoy- 
style, is also taking off, as both Echo and Google Home are 
given more duties to perform. 

Meanwhile, Apple’s attempts to launch its own smart 
loudspeaker for home use - the HomePod - in time for 
Christmas have been delayed until early 2018, says Apple. 


You can sneak a preview at: www.apple.com/uk/homepod 

We’ve come far since those Space Spartans first greeted 
us nearly 40 years ago, and thanks to the latest range of 
cloud-aware smart speakers, interactive hands-free help is 
now just a ‘wakeword’ away. 

Chat Zone news 

As mentioned last month, the EPE Chat Zone forum has 
reached its end of life and, by the time you read this, will 
have switched to ‘read-only’ mode for reference purposes. 
We aim to keep the forum online for the foreseeable future 
for retro-compatibility reasons with legacy projects dating 
back to 2005. EPE readers of ali levels are invited to join us 
on EEWeb.com, where a sub-topic has been set up specially 
for EPE Magazine. 

Legacy EPE Chat Zone users will find the pace more 
measured and it’s worth reminding that the forum belongs 
to EEWeb and is not run by EPE Magazine : another way 
of saying that it’s their rules, not ours! A number of Chat 
Zone users are already engaging with the broader EEWeb 
community forum, where a range of skilled and enthusiastic 
users are eager to help answer queries from their peers. 
We feel that many EPE readers will enjoy meeting a wider 
audience, although it’s certainly true that some of the old 
Chat Zone forum features will be sorely missed, at least for 
the time being. 

The EEWeb site is intended to be scalable and to get the 
best out of the new forum, topics are first and foremost 
classified by ‘Category’ such as Tools, Embedded Systems 
or Sensors. Therefore, when posting a new query, your 
post will firstly be listed in one of those broad categories. 
This helps keep the forum manageable and easy to şort 
through; it’s also easy to view ali messages dedicated to any 
category you may be interested in (passive components, for 
example). 

As explained last month, it’s necessary when composing 
your post to ‘tag’ it with a suitable sub-topic from the list 
in the right-hand cohımn of the EEWeb page. To clarify, 
consider tags as keywords that help us to search and şort 
posts more intelligently rather than by slavishly following 
a sequence of posts. The tag field will auto-complete, so 
(very importantly for EPE readers!), simply start to type 
‘EPE’ and our title will pop up and your query will appear 
in EPE’s area. There is nothing to stop you multiple-tagging 
your post with something else instead of, or as well as, EPE. 
Önce users are accustomed to this new way of posting, the 
EEWeb forum is a cinch to use. 

At present, it is unfortunately not possible to embed 
inline images in posts; this is on a wish list but you can 
hyperlink to them. Websites such as postImages.org are 
designed for hosting images intended for forums and blogs, 
so this might be a stopgap for those wishing to create URLs 
for their images. At this point we must thank Clive ‘Max’ 
Maxfield, an editör at EEWeb, for helping the EPE Chat 
Zone to find a new home, which we hope, will become the 
reader’s online go-to destination for the foreseeable future. 

That’s ali for this month’s Net Work. You can contact 
the author at: alan@epemag.net or write to the editör for 
possible inclusion in our Readout column at: editorial@ 
wimborne.co.uk 
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Tektronix TDS3052B/C 

Oscilloscope 500MHZ 2.5GS/S 

£1,500 

Tektronix TDS3032 

Oscilloscope 300MHZ 2.5GS/S 

£995 

Tektronix TDS3012 

Oscilloscope 2 Channel 100MHZ 1.25GS/S 

£450 

Tektronix 2430A 

Oscilloscope Dual Trace 150MHZ 100MS/S 

£350 

Tektronix 2465B 

Oscilloscope 4 Channel 400MHZ 

£600 

Farnell AP60/50 

PSU 0-60V 0-50A1KW Switch Mode 

£195 

Farnell H60/50 

PSU 0-60V 0-50A 

£500 

Farnell XA35/2T 

PSU 0-35V 0-2A Twice Digital 

£75 

Farnell LF1 

Sine/sq Oscillator 10HZ-1MHZ 

£45 

Racal 1991 

Counter/Timer 160MHZ 9 Digit 

£150 

Racal 2101 

Counter 20GHZ LED 

£295 

Racal 9300 

True RMS Millivoltmeter 5HZ-20MHZ ete 

£45 

Racal 9300B 

As 9300 

£75 

Fluke 97 

Scopemeter 2 Channel 50MHZ 25MS/S 

£75 

Fluke 99B 

Scopemeter 2 Channel 100MHZ 5GS/S 

£125 

Gigatronics 7100 

Synthesised Signal Generator 10MHZ-20GHZ 

£1,950 

Seavvard Nova 

PAT Tester 

£95 

Solartron 7150/PLUS 

6 1/2 Digit DMM True RMS IEEE 

£65/£75 

Solatron 1253 

Gain Phase Analyser 1mHZ-20KHZ 

£600 

Tasakago TM035-2 

PSU 0-35V 0-2A 2 Meters 

£30 

Thurlby PL320OMD 

PSU 0-30V 0-2A Tvvice 

£160-£200 

Thurlby TG210 

Function Generator 0.002-2MHZ TTLetc Kenwood Badged 

£65 

HP33120A 

Function Generator 100 microHZ-15MHZ 

£260-£300 

HP53131A 

Universal Counter 3GHZ Boxed unused 

£500 

HP53131A 

Universal Counter 225MHZ 

£350 


FANTASTIC MODERN POWER SUPPLY ONLY IU 
HIGH PROGRAMMABLE 


LAMBDA GENESYS 
LAMBDA GENESYS 


PSU GENİ00-15 100V 15A Boxed As New 
PSU GEN50-30 50V 30A 


£325 

£325 


IFR 2025 

Signal Generator 9kHz - 2.51 GHZ Opt 04/11 

£900 

Marconi 2955B 

Radio Communications Test Set 

£800 

R&S APN62 

Syn Function Generator 1HZ-260KHZ 

£195 

HP3325A 

Synthesised Function Generator 

£195 

HP3561A 

Dynamic Signal Analyser 

£650 

HP6032A 

PSU 0-60V 0-50A 1000W 

£750 

HP6622A 

PSU 0-20V 4A Tvvice or 0-50V 2A Tvvice 

£350 

HP6624A 

PSU 4 Outputs 

£350 

HP6632B 

PSU 0-20V 0-5A 

£195 

HP6644A 

PSU 0-60V 3.5A 

£400 

HP6654A 

PSU 0-60V 0-9A 

£500 

HP8341A 

Synthesised Svveep Generator 10MHZ-20GHZ 

£2,000 

HP83731A 

Synthesised Signal Generator 1-20GHZ 

£1,800 

HP8484A 

Povver Sensor 0.01-18GHZ 3nW-10uW 

£75 

HP8560A 

Spectrum Analyser Synthesised 50HZ - 2.9GHZ 

£1,250 

HP8560E 

Spectrum Analyser Synthesised 30HZ - 2.9GHZ 

£1,750 

HP8563A 

Spectrum Analyser Synthesised 9KHZ-22GHZ 

£2,250 

HP8566B 

Spectrum Analsyer 100HZ-22GHZ 

£1,200 

HP8662A 

RF Generator 10KHZ - 1280MHZ 

£750 

Marconi 2022E 

Synthesised AM/FM Signal Generator 10KHZ-1.01GHZ 

£325 

Marconi 2024 

Synthesised Signal Generator 9KHZ-2.4GHZ 

£800 

Marconi 2030 

Synthesised Signal Generator 10KHZ-1.35GHZ 

£750 

Marconi 2305 

Modulation Meter 

£250 

Marconi 2440 

Counter 20GHZ 

£295 

Marconi 2945/A/B 

Communications Test Set Various Options £2,000 - 

£3,750 

Marconi 2955 

Radio Communications Test Set 

£595 

Marconi 2955A 

Radio Communications Test Set 

£725 

Marconi 6200 

Microvvave Test Set 

£1,500 

Marconi 6200A 

Microvvave Test Set 10MHZ-20GHZ 

£1,950 

Marconi 6200B 

Microvvave Test Set 

£2,300 

Marconi 6960B with 6910 Povver Meter 

£295 


MARC0NI 2955B Radio 
Communications Test Set - 



CAN BE SUPPLIED WITH OPTIONAL 
TRANSİT CASE 


PROPER 200MHZ 
ANALOGUE SCOPE - £250 


■ ' I ı 


* 4 t ts 

FLUKE/PHILIPS PM3092 Oscilloscope 
2+2 Channel 200MHZ Delay TB, Autoset ete 


INDUSTRY STANDARD DMM ONLY 
£325 OR £275 VVITHOUT HANDLE 
AND BUMPERS 


ı' 


HP 34401A Digital 
Multimeter 6 V 2 Digit 


YES! AN HP 100MHZ SCOPE FOR 
ONLY £75 OR COMPLETE WITH ALL 
ACCESSORIES £125 



HP 54600B Oscilloscope Analoque/Diqital 
Dual Trace 100MHZ 


STEWART OF READING 

17A King Street, Mortimer, near Reading, RG7 3RS 
Telephone: 0118 933 1111 Fax: 0118 9331275 
USED ELECTRONIC TEST EOUIPMENT 
Check vvebsite www.stewart-of-reading.co.uk 
(ALL PRICES PLUS CARRIAGE & VAT) 

Please check availability before ordering or calling in 



r Direct Book Service priced £8.99 ineluding P&P 

2 880299 
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PIC PROJECTS 
VOLÜME»! 
CD-ROM 


A plethora of 20 ‘hand-PICked’ PIC 
projects from selected past issues of EPE 
Together with the PIC programming 
softvvare for each project. 

The projects are: 

BioPIC Heartbeat Monitor N q 

Take a peek at the rhythmic vvaveforms that keep you ticking SU j tî 
EPE Moodloop driv» 

Have a relaxing £ field-day’ (or night) with our PlC-based 
brainwave generator! 

EPE Morse Code Reader 

Multi-function Morse Code translation and learning aid; 
standalone plus optional PC interface! 

Freebird Güder Control 

An automatic flight attitude control System for your free-flight 
model güder! 

IC Tester 

Let a PIC and PC check the health of your digital logic chips! 

Interior Lamp Delay 

Don’t you just hate being plunged into darkness when the 
car door shuts? Here’s a solution! Plus lights-on alarm and 
battery saver! 

Multi-Channel Transmission System 

An 8 to 16-channel 2-wire PlC-based signalling link, with 
optional interface for private phone Systems! 

Musical Sundial 

When the sun has got his hat off (hip-hip-hip-hooray) there’s 
no shadovv of doubt you’ll find fun with our PlC-based 
musical garden gnomon! 

PIC-A-Colour Game 

PIC your wits against a colourful code-setting mastermind! 

PlC-based Brainbot Buggy 

A low-cost, easy-build buggy that has a mind of its own! 

PlC-based Fido Pedometer 

Keeping track of how far you’ve vvalked! 

PlC-based Intelligent Garden Lights 

An easy-to-build lights controller that knows when it’s time 
to switch off! 


PlC-based Remote Control İR Decoder 

Allovvs PIC programming enthusiasts to remotely control 
their designs! 

PlC-based Monitored Dual PSU 

VVorkshop power supply with multiple options 
and monitoring of voltağe and current using a PIC 
microcontroller plus LCD readout! 

PIC Pocket Battleships 

Become a Sea Lord with our interpretation of the age-old 
pen and paper game! 

PIC Random LED Flasher 

Enjoy the fun of an interesting and attractive pattern display! 

PİCronos LED Wall Clock 

Ancient and modern techniques display timely brilliance on 
a grand scale! 

PIC Virüs Zapper MK.2 

An alternative method that could keep those bugs at bay! 

Time and Date Generator 

Add time and date codes to your CCTV security monitor! 

Water Monitor 

How costly is it to keep your garden vvatered? Find out and 
control it! 



Please send me.(quantity) 

EPE PIC PROJECTS VOL 2 CD-ROM 

Price £14.75 each - includes postage to anyvvhere in 
the world. 


.Post Code. 

□ I enclose cheque/PO./bank draft to the value of 

£ . 

□ please charge my Visa/Mastercard £. 

Card No. 


Card Security Code. 

(The last 3 digits on or just under the signature strip) 

Valid From.Expiry Date ... 


Everyday Practical Electronics, 

VVimborne Publishing Ltd., 

113 Lynwood Drive, Merley, VVimborne, 

Dorset BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 

Emaii: orders@epemag.wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque or 
bank draft drawn on a UK bank. 

Normally posted vvithin seven days of receipt of order. 
Send a copy of this form, or order by letter if you do 
not wish to cut your issue. # 



Order on-lirıe from 


www.epemag.com 
or by Phone, Fax, Emaii or Post. 


BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 


























Four-digit, seven-segment LED display - Fart 3 


W E’VE BUILT a 24-hour clock with an LED display, but 
we want more! This month, we’re going to add to the 
design and build a simple calculator - but, ali the available 
GPIO pins have been used up; what to do? 

In Part 1 and Part 2 of the four-digit seven-segment display, 
we built a simple clock, and you will need to re-read Part 1 in 
order to build and understand this month’s design. However, 
as just noted, we find we have a few problems. The biggest 
head scratcher is the number of available pins. We have used 
up ali the GPIO pins on the PIC16LF1829 to control the LED 
display. So, to add extra functionality, we will need to figüre 
out a way to connect any additional hardware. 

Another problem to work around is the limited number of 
digits. There are only four digits on the display, limiting the 
range of numbers from 0 to 9,999. We also have decimal points 
on the display, which should allow us to display numbers as 
low as 0.001. For the moment, however, we will treat this as a 
software issue, which will be covered next month. 

The keypad 

We want to convert our design to behave like a calculator, 
which means we will need a keypad of some şort. Ideally, 
we want a keypad displaying the numbers from zero to 
nine, and keys for the basic arithmetic functions of addition, 
subtraction, multiplication and division. We also need a key 
for the equals sign to indicate we have completed entering 
our calculation. In total, this means fifteen keys. A 4x4 
keypad would be ideal for this situation, giving us one extra 
key, which can be used as a clear display button, or maybe 
we could use it for the decimal point. Fig.l shows the layout 
of these keys on a keypad, with the suggested numbering. 

Now let’s consider the behaviour we want for the 
calculator. We need to enter a first number followed by some 
mathematical function (add, subtract, divide and multiply) 
and then another number. Önce the second number has 
been entered, we need some means of indicating we want 
the answer. The equals key telis the ‘calculator’ that we 
have entered the two values with some math function in 
between, and it’s time to calculate and display the answer. 






Fig.2. The underside internal working of a 4x4 keypad 

There are going to be a few error scenarios that will need to 
be covered, which we will look at in the software next month. 
Examples include getting negative numbers, whole numbers 
rounding up and results that exceed the displays capacity. 
There are Creative ways to work around these obstacles, but 
it’s best to start simple and build on that. 

The keypad operates in a 4x4 matrix. Fig.l shows the 
schematic for the keypad, which is arranged into rows and 
columns. Fig.2 shows the underside internal workings of 
the keypad used in this project (the 4x4 AC3561 by APEM). 
The pads themselves are interleaved pieces of exposed 
copper. When a key is pressed, two pieces of copper are 
connected. The PIC microcontroller detects which row and 
column have been connected, allowing it to determine, 
which key was pressed. 

The keypad’s eight output pins are connected to each of 
these four rows and four columns. Typically, these keypads 
are configured by connecting ali of the row and column 
pins to individual pins on a microcontroller. These pins are 
also connected to ground via a resistor, and are known as 
weak pull downs. The microcontroller cycles through each 
column, pulsing it high, and checking the State of each roıv. 
If a row pin goes high, then it knows a button has been 
pressed relating to that row and column. 

There’s just one problem here; we don’t have eight pins 
available on the PIC. We have three options: 1) we could 
redesign our original design, cutting tracks and wires and 
adding in awkward connections, or 2) we could add a port 
extender, adding more GPIOs to our design, adding further 
complexity, or 3) something else! 

In the original design, we switch between the common 
cathodes for each of the four digits. We could potentially 
hijack this behaviour and attach it to our row pins. This 
could cause some timing problems with our display. Not to 
mention, we’re stili four pins short. 

Ali on one pin 

In fact, we stili have one pin available, which is currently 
used to program the PIC. Port RAO is connected to the 
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ICSPDAT on the programmer. This is a 
digital data pin used for programming 
the PIC. It is possible to use this one 
pin to figüre out what key has been 
pressed on the keypad. By using seven 
resistors, we present a unique voltage 
to RAO for each key. RAO will use an 
analogue-to-digital conversion (ADC) 
to translate these unique voltages into 
button presses. 

By using a series of resistors that 
will behave as multiplexed voltage 
dividers, we can establish unique 
voltages for each key, and that unique 
voltage will be seen by the ADC 
modüle. We can then map these 
values to each key being pressed. The 
resistor values need to be calculated 
to ensure sufficient spacing between 
each voltage value. A 10-bit ADC 
typically yields an accuracy of about 
2-3 bits. At 3.3V, this gives us around 
lOmV margin of error. Ideally, we 
want to ensure the difference between 
each value is much more than this. 

Using an excel spreadsheet, I 
quickly worked out one set of values 
for these resistors, giving a decent 
spacing between each value. This 
could be optimised further. The 
spreadsheet will be included with the 
software download on EPE’s website 
next month. Check it out and see if 
you can improve the values to reduce 
possible errors. 

Fig.3 shows the schematic of our 
modified design. We use a lkQ pull- 
up resistor on RAO to V . This ensures 
when no button is pressed, our ADC 
value should be 1023 bits or 3.3V. 
When a button is pressed, what we are 
really seeing is a multiplexed voltage 
divider circuit. By pressing the number 
2 on the keypad (Fig.l), we connect 
row 3 and column 2, which adds R13, 
R14 and R17 into the circuit. 

A typical voltage divider circuit 
in shown in Fig.4, and the voltage 
divider equation is: 

Ku l =^cc xR2 /(R1+R2) 

Here, V out is our ADC voltage. In the 
above ‘2’ example, V cc = 3.3V, Rl 
refers to the Rll lkQ pull-up resistor, 
and R2 is the sum of R13, R14 and 
R17 (lkQ + lkQ + 220Q = 2.2kQ). This 
should give us a value of 2.275V or 
716 bits. When we capture this value, 
we now know the number 2 has been 
pressed. And we can add a debounce 
or delay afterwards to ensure we only 
recognise one press of the button (a 
particularly nice example of why 
debounce is important). 

One small problem with 
programming 

I mentioned earlier that RAO is also 
a programming pin. The addition of 
the resistor network in Fig.3 poses 
problems when trying to program 
or debug the microcontroller. The 
lkQ pull up on Rll will hinder 
programming the board by making 
it harder for the programmer (eg, 



PICKit3 or ICD3) to output a logic low. 
In theory, we could scale the resistor 
values up so that they do not affect 
the programming. This could be done 
by multiplying each value by ten or a 
hundred. We would stili get the same 
unique voltage for each key. The only 
problem here is that the resistors will 
start affecting the capture time of the 
ADC. The capture and conversion for 
the ADC needs to be quick to avoid 
problems on the display. Increasing 
resistor values will slow the voltage 
rise on the ADC pin as a key is pressed. 



The only way to make this work 
is to disconnect the resistor circuit 
during programming. Soldering and 
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resoldering would be a nuisance, so 
I recommend using a two-pin header 
and a jumper or a shunt bar across the 
header to reconnect it - see J2 in Fig.3. 

Constructing the Circuit 

To build the Circuit, you need the 
following components: 

Four-digit seven-segment display 
Circuit from last month (December 2017) 


Resistors 

4 lkQ (Rll, R12, R13 and R14) 

1 220Q (R17) 

1 470Q (R16) 

1 680Q (R15) 


Miscellaneous 

1 2-pin header (J2) 

1 Jumper or shunt bar (J2) 

1 8-pin right-angled header (J3) 

1 4x4 keypad (eg, AC3561 

by APEM, as used here) 


Fig.5 shows the veroboard layout for 
the components on the top side and 
the underside of the board. Don’t forget 
to carefully make the jumper track cut 
between the holes on C22 and D22. 
Everything from Column B upwards 
is from the original design (excluding 
the connector J2). There are only nine 
components and two wires to add. The 
spacing for some of the resistors is a 
bit tight, so it might be easier to stand 
these up instead (see Fig.6). 

Fig.6 shows the complete working 
calculator. The keypad from APEM 
comes with two silver inserts with the 
digits printed on them. These inserts 
originally came with other signs on 
them, which have been covered över for 
this project. Notice in Fig.6 that I have 




Fig.5. Veroboard project layout 


made my own mathematical symbols 
using a bit of black electrical tape. Feel 
free to move these around, but don’t 
forget to make the adjustments in the 
software next month. 

It is interesting to consider this 
solution compared to the alternative 
methods of adding functionality to an 
existing design. It happens a lot more 
than I like to admit, where a project 
suffers from feature creep. Often this 
means a complete redesign, but in this 
case, a little bit of Creative ingenuity 
saved us the hassle of creating a 
completely new design or some 
awkward wiring and track cuts. 

Ali in ali, I believe this method is a 
lot less complicated than the original 
method of controlling the keypad. There 
is a little more in the build, albeit only 
seven resistors. In fact, the true beauty 
of this design will reveal itself in the 
software next month. If we did have the 
necessary pins and we had to look at 
several inputs to discover what key has 
been pressed, this would add significant 
delays to the code, which would affect 
the behaviour of the LED display. 

The software involves using an 
ADC to capture the input voltage 
and a function that maps that value 


to the corresponding button pressed. 
After that, it’s a matter of calculating 
everything quickly enough without 
affecting the display. 

Next month 

We’ve no w built the guts of the simple 
calculator; next month we’ll look at 
how to program the microcontroller to 
capture the keys pressed on the keypad, 
display them on screen and perform 
simple calculations. As we mentioned 
last month, any delays in our code will 
cause the segment LEDs to flicker. This 
means our code will need to be quick 
enough that we don’t notice what is 
happening in the background. 


Not ali of Mike’s technology 
tinkering and discussions make 
it to print. 

You can follow the rest of it on 
Twitter at 

@MikePOKeeffe, on the EPE 
Chat Zone or EEWeb’s forums as 
i mikepokeeffe , 

and from his blog at 
mikepokeeffe.blogspot. com 


52 


Everyday Practical Electronics, February 2018 

















































































































With Över 250 Million Units in 
Stock, We've Got You Covered 

Delivering You the World's Largest Inventory 
of Microchip Products 


r 


Work directly with Microchip's full service channel to fulfîll your supply 
needs.Take advantage of direct pricing and have access to the vvorld's 
largest inventory with över 250 million units of Microchip products. 

Key Benefits 

► Special pricing for high-volume quantities 

► Low-cost and secure programming, direct from Microchip 

► Schedule orders up to 12 months in the future 

► Dropship to multiple addresses worldwide 

► Pay by credit line, credit card, PayPal and more 



m D!KECT Microchip 

www.microchipdirect.com 

www.microchip.com/learn-more 


The Microchip name and logo and the Microchip logoare registered trademarks of Microchip Technology Incorporated in the U.S.A. and othercountries. Ali othertrademarks are the property of their registered ovvners. 
© 2017 Microchip Technology İne. Ali rights reserved. DS00002552A. MEC2195Eng11/17 




















BACK 

CATCH UP ON WHAT YOU HAVE MISSED 

We can supply back issues of EPE by post, most issues from the past five years are available. An EPE index for the last five years is also available 
at www.epemag.com, VVhere we are unable to provide a back issue a photocopy of any one article (or one part of a series) can be purchased for the same price. 
İssues from Jan. 99 are available on CD-ROM or DVD-ROM - and back issues from recent years are also available to download from www.epemag.com. 
Please make sure ali components are stili available before commencing any project from a back-dated issue. 



EVmDAY mCTICAl 

' ELECTRONICS 



FEBRUARY ’17 



PROJECTS • Solar MPPT Charger 
And Lighting Controller - Part 1 

• Check Your Tumtable’s Speed 
With This VVhite LED Strobe • 
High-Performance Stereo Valve 
Preamplifier - Part 2 • High Visibility 
6-Digit LED GPS Clock - Part 2 
FEATURES • TechnoTalk • Meet 
The Mighty Micromite - Part 1 • Net 
Work • PIC n’ Mix • Circuit Surgery 

• Audio Out • Electronic Building 
Blocks • Max’s Cool Beans 


MAY’17 



PROJECTS • The Micromite 
LCD Backpack • Arduino 
Multifunction 24-Bit Measuring 
Shield - Part 2 • Precision 
230V/115V 50/60hz Turntable • 
FEATURES • Techno Talk • 
VVoofer Tester 2 Revievv • Net 
Work • Interface • PIC n’ Mix 
• Circuit Surgery • Audio Out • 
Max’s Cool Beans • 


MARCH ’17 


APRIL ’17 



PROJECTS • Speech Timer For 
Contests & Debates • Solar MPPT 
Charger And Lighting Controller 
- Part 2 • Arduino-Based Fridge 
Monitör And Data Logger • High 
Visibility 6-Digit LED GPS Clock - 
Part 2 • Ingenuity Unlimited • 
FEATURES • TechnoTalk • Meet 
The Mighty Micromite - Part 2 • Net 
Work • PIC n’ Mix • Circuit Surgery 
• EPE Product Revievv - LabNation 
SmartScope • Interface • Electronic 
Building Blocks • Max’s Cool Beans 


JUNE ’17 



s»raranr hactkai 

l ELECTRONICS 


PROJECTS • Ultrasonic Garage 
Parking Assistant • Hotel Safe 
Alarm • lOOdB Stereo LED 
Audio LevelA/U Meter 'Ingenuity 
Unlimited • 

FEATURES • Techno Talk • 
Teach-ln 2017 - Introducing 
the BBC micro:bit - Part 1 • 

Net Work • PIC n’ Mix • Circuit 
Surgery • Audio Out • 




PROJECTS • Microvvave 
Leakage Detector • Arduino 
Multifunction 24-Bit Measuring 
Shield • Battery Pack Celi 
Balancer • Ingenuity Unlimited • 
FEATURES • Techno Talk • 

Meet The Mighty Micromite - 
Part 3 • Net Work • PIC n’ Mix 

• Circuit Surgery • Audio Out 

• Electronic Building Blocks • 
Max’s Cool Beans • 


JULY’17 



a EVMDAY MACTKM 

l ELECTRONICS 


PROJECTS • Micromite-Based 
Süper Clock • Brovvnout Protector 
For Induction Motors • lOOdB 
Stereo LED Audio LevelA/U Meter 
- Part 2- 

FEATURES • TechnoTalk • Teach- 
ln 2017 - Introducing The BBC 
micro:bit - Part 2 • Interface • Net 
Work • PIC n’ Mix • Circuit Surgery 
• Audio Out • Electronic Building 
Blocks • Max’s Cool Beans 


AUGUST’17 



PROJECTS • Touch-Screen Boat 
Computer With GPS • Fridge/ 
Freezer Alarm • Micromite Plus & 
The Explore 64* 

FEATURES • Techno Talk • 
Teach-ln 2017 - Introducing The 
BBC micro:bit - Part 3 • Net Work 
• PIC n’ Mix • Circuit Surgery • 
Audio Out • Max’s Cool Beans 


NOVEMBER ’17 


SEPTEMBER ’17 



— fwm«r MucncM 

EH^electronics 

1 PROJECTS • Compact 8-Digit 

J Frequency Meter • Low-cost, 
Compact Attenuators • Micromite 
Plus Explore 100 - Part 1 • 

cır ATI IDFC • Tûrhnn TVjII/ • 

üli 

rtMiuKto lecnno ıaiK 

Teach-ln 201 7 - Introducing The 
BBC micro:bit - Part 4 • Net Work 
• PIC n’ Mix • Circuit Surgery • 
Audio Out • Max’s Cool Beans 


1 • Electronic Building Blocks • 

» Interface 

DECEMBER ’17 


OCTOBER ’17 


PROJECTS • Precision Voltage 
and Current Reference With 
Touchscreen Control - Part 1 • 

New PovverTransformer For The 
Curravvong • Micromite Plus Explore 
100-Part 2- 

FEATURES • Techno Talk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 1 • Net Work • 

PIC n’ Mix • Circuit Surgery • Audio 
Out • Max’s Cool Beans 


JANUARY’17 




PROJECTS • 50A Battery Charger 
Controller • Micropovver LED 
Flasher • Phono input Converter 
• Micromite Plus Advanced 
Programming - Part 1 • 

FEATURES • Techno Talk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 2 • Net Work • 
PIC n’ Mix • Circuit Surgery • Audio 
Out • Max’s Cool Beans • Electronic 
Building Blocks 



PROJECTS • Build Yourself 
A Digital Theremin • Precision 
Voltage And Current Reference 
With Touchscreen Control - Part 2 

• Micromite Plus LCD Backpack 

• Micromite Plus Advanced 
Programming - Part 2 • 
FEATURES • Techno Talk • Teach- 
ln 2018 - Get Testing! Electronic 
Test Equipment and Measurement 
Techniques - Part 3 • Net Work • 
PIC n’ Mix • Circuit Surgery • Audio 
Out • Max’s Cool Beans 



PROJECTS • High-Power 
DC Motor Speed Controller • 
SC200 Amplifier Modüle - Part 
1 • Arduino Meets The ATtiny85 
Microcontroller • Using Cheap 
Asian Electronic Modules - Part 1 
FEATURES -TechnoTalk- 
Teach-ln 2018 - Get Testing! 
Electronic Test Equipment and 
Measurement Techniques - Part 
4 • Interface • Net Work • PIC n’ 
Mix • Circuit Surgery • Audio Out • 
Electronic Building Blocks • Max’s 


Cool Beans 


BACK İSSUES ONLY 
£5.50 

(each ine. UK p&p.) 

Overseas prices: 

£6.30 each Europe Air mail 
£7.30 each ROW Air mail. 

We can also supply issues from years: 2006 
(except Jan., Feb., Mar., Apr., May, July). 2007 
(except June, July, Aug), 2008 (except Aug, Nov, 
Dec) 2009 (except Jan, Mar, Apr.). 

2010 (except May, June, July, August, Oct, Nov, 
Dec) 2011 (except Jan) Jan 2014. 


Where we do not have an issue a 
photocopy of any one article or one part 
of a series can be provided at the same price. 


✓ \ 
ORDER FORM - back issues - photocopies- indexes 

□ Send back issues dated. 

□ Send photocopies of (article title and issue date). 


Name 


Address. 


.Tel: 

□ I enelose cheque/P.O./bank draft to the value of £. 

□ Please charge my Visa/Mastercard £. 


Card No 


VISA 


Valid From.Card Expiry Date. Card Security Code. 

(The last 3 digits on or just under the signature strip) 

SEND TO: Everyday Practical Electronics, Wimborne Publishing Ltd., 113 Lynvvood Drive, Merley, 
Wimborne, Dorset BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 

E-mail: fay.kearn@wimborne.co.uk On-line Shop: www.epemag.com 
Payments must be in £ sterling - cheque or bank draft drawn on a UK bank. Normally posted within sev en days of 
receipt of order. Send a copy of this form, or order by letter if you do not wish to cut your issue. | M02/18 | 

________ / 





































































































CRICKLEV C 


Established 1981 


Frustrated with yoursupplıer? 
Visit our component packed 
website for a vast range of 
parts - old and new, 
many unavailable elsewhere! 
www.cricklewoodelectronics.com 


1000's OF PRİCES REDUCED! 


Alternatıvely phone us on 
020 8452 0161 with your 
reguirements. 


Visit our Shop, Cali or Buy online at: 

www.c ric klewoodelectronics.com 

Visit our shop at 
40-42 C ric klewood Broadway 
London NW2 BET 



Electronics, Mechanics, Maths 
& Computing: Go Mobile + 
Windows Vll! *£4.95/mth 

First published in EPE in 1992 and continually updated, now at Vll. 

Simply join with your subscription for just *£4.95/month and access the 
interactive content on ali your mobile devices. Also dovvnload at no extra 
charge the latest Windows Vll onto your PC with even more features and 
functions. Both packages have automatic updates so you alvvays have the 
latest versions as we add new topics. 



*With 20% discount for 
our eBook readers now 
just £3.96/mth. 

With a 1000+ highly interactive engineering, maths topics - digital, 
microprocessor & PIC simulations - Amateur Radio - default values - 
low cost monthly subscriptions - no contract - cancel at any time. 


visit 6ptsoft.com to find out ı 





■ 2.0 
*1.0- 




• 1 SÜ 0 • TOjÖ S fi S.Ö l.ft lfljÛ lift 20 .Û 2 İJÛ 


»nru 


rAScnîoP 0SC ' a0SC0 


TO A 


pıco 


Technology 


PicoScope® 



2000 Series 
Oscilloscope 

• 2 channel, 4 channel and MSO models 

• Decode 16 serial protocols as Standard 

• Up to 100 MHz bandvvidth 

• Up to 128 MS buffer memory 

• USB connected and povvered 



ru T_n__r ı._rur i-T ur ı_r ı_r x_r ı_r -un. s ı_rur ı _n_r~ur ı 

UTJTJTJTJinrumJTJTJlJTJTJlJmJlJTJT^ 

ımnmıjmnnnnnımnnnjınnnjifuıjmnımmiuınnmuınnrınjuınrınnjum^ 

jijiMMuınıııiJiinumıufniFMiiHinnıınnuııiflfJiiîînMfliınTurraııııı^ 



Everyday Practical Electronics, February 2018 


55 






























































































Potential dividers and power supplies 


R ECENTLY on the EPE Chat Zone 
there has been some discussion on 
provision of multiple power supply 
voltages, power supply switching 
and regülatör circuits, started by user 
Tuurbo46. The discussion continued 
(under username Rocket Ron) on the 
ne w EPE forum hosted by EEWeb 
(see this month’s Net Work). This 
discussion has ranged över a number 
of related issues. Initially Tuurbo46 
posted on EPE Chat Zone, asking 
about obtaining a 2.5V supply from a 
5V supply. 

T just need to confirm my circuit 
current understanding. Am I correct 
in thinking a 5V, 2A supply, with 
two series 10kQ resistors to GND, can 
only supply 0.6mA from the potential 
divider? I would like to supply 2.5V 
and the possibility to source lOOmA.’ 

After discussion moved to EEWeb 
and after Tuurbo46f Rocket Ron 
had received a number of helpful 
comments from other users on both 
forums, he posted more details of his 
requirements and updated his design 
ideas. In responses to Tuurbo46’s 
initial question we will look at the 
nature of potential dividers and why 
they are generally unsuitable for 
directly providing supply voltages. 
This forum thread also raises other 
issues, which we may look at in a 
future article. 

Fundamentals 

The basic potential divider (Fig.l) 
comprises two resistors in series 
connected across a voltage source. 
Potential dividers can also be 
made using combinations of other 
components such as capacitors and 
inductors. The potential divider is 
a fundamental concept and basic 
‘building block’ of electronic design. 
Therefore, discussion of the question 
posed by Tuurbo46 leads us to 
introduce some basic circuit theory, 
which is useful to anyone designing, 
or endeavouring to understand, the 
operation of electronic circuits. 

As the name suggests, the potential 
divider is a means of providing a 
lower (divided) potential (voltage) 
from a higher one. Thus, they act as 
attenuators - reducing the magnitude 
of a signal. Attenuation is commonly 
required in measurement, for example 
in high-voltage probes, which are used 
in conjunction with voltmeters or 



multimeters. Basic volüme Controls 
in analogue audio circuit use variable 
potential dividers. Other uses include 
biasing transistors, obtaining a voltage 
signal from a resistive sensor, such 
a thermistor, obtaining a reference 
voltage at exactly half the supply 
voltage (divide potential by two) for 
use as the mid-point for AC signals 
and setting the gain in op amp circuits. 
In the latter case, the potential divider 
sets the fraction (division) of the 
output fed back to the input. However, 
potential dividers are not suitable for 
some applications. In particular, they 
are generally unsuitable for providing 
power to circuits connected to their 
outputs - you could do it, but it is so 
wasteful of power that it is not worth 
doing. We will look the basic circuit 
theory behind potential dividers to 
explain why this is so. 

Equation 

Refer to Fig.l, the current (/ D ) in the 
potential divider resistors (R 1 and R 2 ) 
can be found using Ohm’s law. Ohm’s 
law is the relationship between the 
voltage (V) across a resistor ( R ) and 
the current (7) through it; specifically 
I=V/R. In this case, because the 
resistors are connected in series, the 
total resistance is the sum of the two, 
so Ohm’s law gives the current in the 
divider as: 

j V 

T — _ m _ 

The voltage dropped across resistor R 2 
is the output voltage; again, by Ohm’s 
law: 


Using the first equation for I B , and 
substituting this into the equation 
above, we get the output voltage in 
terms of just the input voltage and 
resistor values 


v 


r 2 N 


R l + R 2 / 


V. 


This is referred to as the ‘potential 
divider equation’. From this equation, 
we see that because R 1 + R 2 must 
always be larger than R 2 , V out is always 
less than V in by a factor determined 
by the resistor values. If we assume R 2 
is n times the value of R v that is, R 2 
= n R v the potential divider equation 
becomes: 


V'.. 


' R, ' 


V İM 


We can cancel the R 2 terms to get: 

v = (—*—V 

out ı 1 \ ın 

\ n + l ) 

The output voltage depends only on 
the relative values of the resistors, not 
on their absolute values. The current 
flowing through the divider does of 
course depend on the absolute resistor 
values, as does the power dissipation 
in the divider. If both resistors are 
the same value (so n = 1) the output 
voltage is half the input voltage. For 
example, if V in = 5V and R 1 = R 2 = 10kQ 
(as specified by Tuurbo46 ) then V out = 
2.5V. With these resistors the current 
in the divider is (by Ohm’s law) 5V/ 
20kQ = 0.25mA. 

The current flowing through a 
potential divider will cause it to 
dissipate power. Electrical power is 
given by voltage times current (IV), 
which on applying Ohm’s law can 
also be written as PR or V 2 /R. The 
latter equation is generally most 
useful for finding the power in a 
potential divider because generally 
we know the applied voltage and 
resistor values. The 2 x 10kQ divider 
across 5V discussed above consumes 
(5V) 2 /20kQ = 1.25mW of power. 

Loaded 

If we connect another circuit (a load) 
to the output of the potential divider 
the output voltage will change to 
some extent. This is an important 
consideration when deciding if a 
potential divider is appropriate, or 
when checking if we have chosen the 
most appropriate resistor values. 
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Fig.2. Loaded potential divider 


The schematic of the loaded potential 
divider is shown in Fig.2. If we have 
a known load resistance we can work 
out the voltage across the load by 
finding the parallel combination of R 2 
and R l in Fig.2. We can then use this 
value in the potential divider foramla 
to calculate a revised value for V out . 
For two parallel resistors, R 2 and R L , 
we have a combined resistance (/? p ) 
given by: 


_L j_ 

R p R 2 R l 

So 

n _ 2 

' (K + Rı) 

If we take our example potential 
divider (Fig.l with two 10kQ 
resistors) and connect a 10kQ load, 
the effective value of the R 2 resistor 
in Fig.l becomes 5kQ (the parallel 
combination of two 10kQ resistors). 
Using the potential divider formula, 
this gives an output voltage of 5 x 5/ 
(10+5) =1.67V, a significant deviation 
(-33%) from the open-circuit output 
voltage of 2.5V. Adding the 10kQ load 
has significantly reduced the output 
voltage. If the load is increased to 
100kQ then the voltage drops to 2.38V 
(-4.8% shift); and with a 1MQ load the 
output is 2.49V (-0.5% shift). As a rule 
of thumb, a load resistance connected 
to a potential divider should be at 
least ten to one hundred-times larger 
than the resistor across which the load 
is connected to avoid the voltage shift 
from being too large. 


Regulation 

In the context of power supplies 
[Tuurbo46’s application) a shift in 
voltage under load is characterised by 
a parameter called ‘load regulation’. 
A schematic of a generic regülatör or 
power supply Circuit is shown in Fig.3. 
Here, if the load current (ij varies 
then V Q should remain constant, but 
in practice it will vary to some extent. 



Fig.3. Power supply/regulator with load 


The load regulation can be defined 
in terms of the ratio of change in V 0 
(written AV 0 and pronounced ‘delta 
VJ) produced by a change in I 0 (A/J 


Load regulation = — 2 - 

o 

This value is actually a resistance 
(voltage divided by current), which 
is the effective output resistance of 
the regülatör (measured in ohms). We 
will discuss the concept of output, 
source or internal resistance shortly. 
Load regulation can also be expressed 
as the change in output voltage (AVJ 
for some specified change in load 
current (typically a change from no 
load to maximum load) divided by 
the nominal or mean regulated output 
voltage (VJ. 


Load regulation 


AV 

_ o 


This can be stated as a fractional value 
(eg, 0.002) or multiplied by 100 to give 
a % (eg, 0.2%). 

Load regulation is usually specified 
on the datasheets of regülatör IC and 
power supply units. Taking the LM317 
regülatör as an example (mentioned 
in Tuurbo46’s discussion thread), 
the datasheet States a voltage change 
of typically 0.1% for a load current 
change of lOmA to 1500mA (low to 
full load). This regulation is much 
better than that provided by the 2 x 
10kQ potential divider, even with a 
1MQ load, where the load currents is 
in microamps. 


Source 

When considering power supplies, 
we do not always know the exact load 
resistance, but we may know the range 
of current that has to be supplied 
[Tuurbo46 quotes lOOmA). When 
using a potential divider for anything, 
a useful reality check is to calculate 
the load current for a short-circuit 
load, that is R L = 0Q in Fig.2. This is 
simply the current through R t if it is 
connected directly across V in . In this 
case, we have 5V/10kQ = 0.5mA. 

As Tuurbo46 indicated in his 
question, the potential divider cannot 
supply a higher current than this 
into a grounded resistive load; and 
at this current the voltage across the 
load is zero. This immediately proves 
that the potential divider in Fig.l is 
unsuitable for the specified power 
supply application, which requires 
lOOmA at 2.5V. 

Calculating the short-circuit output 
current of the potential divider is 
useful because it helps us find the 
effective internal resistance, or source 
resistance, of the voltage source 
formed by the potential divider. We 
also need the open-circuit voltage (the 
unloaded potential divider output 
voltage), which we already know is 



Fig.4. Thevenin eguivalerıt Circuit 


2.5V for our example. From this we 
can find our source resistance from 
2.5V/0.5mA = 5kQ. This is equal to 
the parallel combination of the two 
potential divider resistors. 

We can then replace the potential 
divider with the equivalent Circuit 
shown in Fig.4, in which for our 
case the source voltage (L s ) is 2.5V 
and the source resistance ( R s ) is 5kQ. 
This Circuit behaves exactly like the 
potential divider in terms of output 
voltages and currents. 

This idea is not just applicable to 
potential dividers; any combination of 
independent voltage sources, current 
sources and resistors, for which we 
can designate two output terminals, is 
equivalent to a single voltage source 
and series resistor at those terminals. 

Thevenin 

This is an important piece of Circuit 
theory known as ‘Thevenin’s theorem’ 
- the Circuit in Fig.4 is called the 
‘Thevenin equivalent Circuit’. The 
same approach can be used with 
AC circuits where ali the sources in 
the original Circuit are at the same 
frequency, in which case we work in 
terms of impedance and can include 
capacitors and inductors in the 
original network. One limitation of 
this approach is that the total power 
dissipation in the equivalent Circuit is 
not the same as in the original. 

To obtain the Thevenin equivalent 
for any suitable Circuit we find the 
open-circuit output voltage and then 
the short-circuit output current. The 
open-circuit voltage is used as the 
equivalent source voltage and the 
open-circuit voltage divided by the 
short-circuit current gives the source 
resistance. This and other types of 
equivalent Circuit are widely used in 
Circuit analysis and design, and are 
the underlying theory behind well- 
known concepts such as input and 
output impedance. 

Fig.5 shows the Thevenin equivalent 
Circuit of a potential divider connected 
to a load resistance. The load and 
source resistance form another 



Fig.5. Equivalent Circuit for the potential 
divider with load 
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potential divider, which determines the load voltage. If we 
again look at a load of 10kQ, the potential divider equation 
for Fig.5 becomes: 


V. 


( 10000 \ 
v 10000+ 5000, 


x2.5 = 1.67V 


As expected, this gives the same output voltage as calculated 
above using the parallel resistors approach. 

Variation 

Use of the equivalent Circuit makes it easy to calculate the 
variation in output voltage as load current varies. We have 
already noted that obtaining lOOmA is impossible with 
our example Circuit, so we will assume a more realistic 
requirement of current from 50pA to lOOpA. For I L = 50pA, 
R s will drop 50pA x 5kQ = 0.25V, so the output will be 
about 2.25V. At lOOpA the output will be 2.OV. This level 
of voltage change (20%) is much larger than would be 
generally acceptable for supply voltages. 

Potential dividers can provide very accurate division 
of an input voltage - depending on the tolerance of the 
resistors or other components used to form the divider. 
However, the divider should be connected to a Circuit, that 
takes as little current as possible from the divider to prevent 
voltage shifts occurring due to loading. Typically, in many 
Circuit designs, these are inputs to op amps, ADCs or other 
devices with very high input impedances, which present 
very little load to the divider. 

In some cases, such as bipolar transistor biasing, the load 
currents may be higher, in which case more çare has to 
be taken to ensure the divider is not loaded. The rule of 
thumb mentioned earlier (ten to hundred times the current 
in the divider compared to the load) provides a useful 
starting point. The actual voltage shifts due to loading in 
any application can be calculated or estimated and used to 
determine appropriate resistor values. The lower in value 
the resistors used, the ‘stiffer’ the voltage output will be 
(lower source resistance) but more power will be consumed 
in the divider. This may be an important consideration in 
some applications where low power consumption is of 
particular importance. 

Efficiency 

We can use the equivalent Circuit in Fig.5 to work back to a 
potential divider that might be able to deliver the required 
current in the original power supply scenario - and then 
look at the power consumed by the divider. For the sake 
of an example, we will assume that R s must drop no more 
than 2% of 2.5V at lOOmA (we do not know Tuurbo46’s 
requirements in this respect, but 2% is much worse load 
regulation than that provided by a typical voltage regülatör 
IC, such as the LM317 mentioned above). 2% of 2.5V is 
0.05V, so the maximum value of R s is 0.05V/100mA = 
0.5Q. As the potential divider suggested by Tuurbo46 has 
equal resistors we can use twice the R s value (1.0Q) for 
both resistors. This is not practical due to the current and 
power dissipation in the divider. With no load, the divider 
current is 2.5A (5V/2Q) and the power dissipated by the 


divider with no load is V^/R - 5 2 /2.0 = 12.5W - extremely 
wasteful, given that at 2.5V a lOOmA load consumes 
0.25W (2.5V x 0.1A). We can calculate the efficiency of 
power supply as: 


Efficiency = 


P +P 

1 O L 


Here, P 0 is the output power and P L is the power loss (power 
consumed by the supply circuit). For the potential example 
just given, ignoring voltage shifts, we have approximately 
P 0 = 0.25W and P L = 12.5W. So this ‘potential divider power 
supply’ has about 2% efficiency. 

For a linear regülatör IC, wired as shown in Fig.3, we can 
approximate P Q = I Q V 0 and P L = I Q [V l - Vq), so: 


P IV V 

Efficiency = —-—=- 

p +P i v +/ (V-V ı V 

OL i o v o OV i o) i 

For a linear regülatör supplied from 5V and outputting 
2.5V, the efficiency is 50%, very much better than the 
potential divider and with a far better load regulation. The 
LM317 linear regülatör mentioned above has a minimum 
Vj - Vq of 3V, so it would need a larger input voltage and 
would consequently have a lower efficiency. Standard 
linear regulators are not very efficient, but are stili much 
better than potential dividers. Greater efficiency can be 
achieved using ‘Low Drop Out’ (LDO) linear regulators, 
which require much lower V l - V ö to operate (for example, 
in the lOOmV range, rather than several volts). Stili higher 
efficiency can be obtained using switching regulators (often 
around 80% or more). 

Configurations 

Tuurbo46’s requirement is for a system with multiple 
power supply voltages. This requires two regulators. The 
regulators could be connected in parallel (as in Fig.6) or 
in series (as in Fig.7). In both cases V 0l is higher than 
V 02 . Which is the most efficient? With linear regulators, 
at first it might seem like the series configuration is more 
efficient because V 0 /V- 1 is smaller for the second regülatör, 
so its own efficiency is better. However this power is 
supplied by the first regülatör, so we have to multiply the 
efficiency of the second regülatör by that of the first to get 
the overall value. With linear regulators the efficiency of 
both configurations is the same. For switching regulators 
their efficiency does not vary much with input voltage, 
so the series configuration is less efficient because of 
the multiplying effect of efficiency when one regülatör 
supplies another. 

For both switching and linear regulators the series 
configuration has the disadvantage that the first regülatör 
has to handle ali the current for both power supplies, 
whereas for the parallel version each regülatör only has to 
handle the current for its individual output. However, if 
regülatör 1 is a switching regülatör and regülatör 2 is linear, 
the series configuration may be a good option due to the 
improved efficiency of operating the linear regülatör with a 
lower input voltage. 



Fig.6. Two regulators in parallel for a system requiring 
two supply voltages 


Fig.7. Two regulators in series for a system requiring two 
supply voltages 
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Electronics & Robotics for Makers 


TinyDuino 

As povverful asthe Arduino Uno but smaller than 
a 2 pençe coin. 

Complete with a wide and grovving range of 
TinyShields - where wi11 your next project take 
you? 

Ali the povver of the Arduino in a fraction of the 
space, great for building intelligence in to your 
projects. 

STEMTera Breadboard 




A breadboard with built-in Arduino! The breadboard has a total of 41 l/O 
pins of which 9 provide PWM. Pin-to-pin compatible with Arduino UNO R3 
shield. The bottom cover is Lego® compatible and will fit 
bricks - great for Robotics and Animatronics. 

Fully Arduino IDE compatible and built 
with strong ABS plastic and is available in 
a range of colours. 


Edison Robot 


Edison is great for schools and hobbyists alike 
to teach kids robotics and programming on any 
Computer, tablet or phone. 

Edison is a LEGO compatible robot which 
means your kids can let their imagination run 
wiİd. Why not make a remote control LEGO 



There's a lot that one Edison Robot can do, imagine what your kids can do 
with a team of them vvorking together! 




JTAG Connector Plugs Directly into PCBÜ 
No Header! No Brainer! 



Our patented range of Plug-of-Nails™ spring-pin cables plug directly 
into a tiny footprint of pads and locating holes in your PCB, eliminating 
the need for a mating header. Save Cost & Space on Every PCBÜ 
Solutions for: PIC . dsPIC . ARM . MSP430 . Atmel . Generic JTAG . Altera 
Xilinx . BDM . C2000 . SPY-BI-WIRE . SPI / IIC . Altium Mini-HDMI. & More 

www.PlugOfNails.com 

Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm) 


EPE Chat Zone has a new home._ 

... the EPE Magazine area on EEMfeb 

Our legacy Chat Zone forum is reaching end of life, so come and join fellow hobbyists, 
students and engineers in the EEVVeb electronics forums. 

Visit www.eeweh.com and go to the EPE Magazine sub-topic in the forums, or just 
browsearound! 

There’s something to interest everyone involved in electronics. 































Railing against convention - Part 2 


Shiftier 

I didn’t quite have space to finish off my 
comments on bias shift last month - so 
here are a few more thoughts. 

As an alternative to full regulation on 
a single-rail supply, only the supply 
feeding the bias network, input stage 
and voltage amplifier stages is regulated 
and only the output stage is fed with the 
full unregulated voltage. In this case, the 
upper output transistor of the push-pull 
stage doubles as a series-pass voltage 
regülatör, effectively blocking the ripple 
and droop. A voltage loss/headroom of 
around 10 V at no output, reducing to 4V 
at full output, is necessary; reducing the 
power output. James Sugden described 
this in Hi-Fi News (The Class Problem, 
November 1967). His main expertise 
was class-A amplifiers, so voltage sag 
wasn’t a problem, therefore the loss 
was less. If a separate higher voltage 
regulated rail is provided, this loss can 
be avoided altogether, but ripple break- 
through at clipping will stili occur. With 
a typical power supply regulation figüre 
of 20%, the output power is reduced to 
65% -remember, power is proportional 
to V 2 , and that is why the power loss 
seems excessive. 



Fig.5 a) (top) Clearı tone burst; and b) gen- 
eration of a low-frequency envelope due to 
AC coupling. 


Capacitor conundrums 

Prolonged asymmetrical clipping can 
cause a DC charge to build up across 
output capacitors, moving the centre 
bias point. This is a problem with ali 
capacitor coupling and bootstrapping, 
causing recovery problems after over- 
load. This problem is compounded by 
the asymmetry of most music signals. 
However, this is less of a problem for 
Hi-Fi amps because they are generally 
not overloaded. Ali systems, including 
dual-rail, with differing AC and DC 
gains have this problem to some degree 
and will exhibit a low-frequency shift 
on the output under tone-burst testing. 
This is shown in Fig.5a and 5b. Another 
test is to use an unequal mark-space 
ratio square wave to see if there is any 
DC level-shift. (This shouldbe checked 
with both extremes of mark-to-space 
ratio.) Any generated shift will often 
be seen as an odd excursion of the 
loudspeaker cone. 

Asymmetry 

In power amplifiers with low quiescent 
current (J q ), the output capacitor en- 
sures the same I current flows through 
both output transistors in the push-pull 
stage, rather than some being diverted 
through the loudspeaker. In a directly 
coupled dual-rail amplifier, without 
an output capacitor, a small DC offset 
can unbalance the currents through the 
output transistors, increasing crossover 
distortion. This effect was discussed 
with regard to the Bailey Amplifier as 
early as 1969 (VVireless VVorld, Oct 1969) 
and the Equin amplifier ( Elektor , April 
1976). An offset current fiowing through 
the speaker also wastes power, which 
is bad in any battery-powered Circuit. 

Overcoming asymmetry in circuits is 
easily achieved in single-rail systems, 
since the bias point can simply be 
movedto ensure symmetrical clipping. 
To do this in a dual-rail Circuit requires 
different rail voltages. Quad did this 
on their 34 pre-amplifier by having 
+8.6 and -9.4V rails. Circuit configu- 
rations that generate an offset voltage 
with dual-rail designs, such as a single 


transistor, JFET or the dual-comple- 
mentary pair, will need this. Long- 
tailed pairs are invariably used for 
dual-rail amplifiers, increasing com- 
plexity and making life boring for the 
Circuit designer. 

Power losses 

The electrolytic output capacitor (in 
single-rail systems) causes power 
loss at low frequencies due to its 
reactance and equivalent series re- 
sistance (ESR). For example, in the 
MX50 amplifier [EPE, May 2017) a 



Fig.6. Demonstration of povver-limited output 
caused by approx 2000pF coupling capacitor 
driving full power into a 4Q load at 20Hz: a) 
(top) direct coupling (no capacitor); b) (mid- 
dle) 2000pF capacitor coupling; and c (bot- 
tom) comparison of both curves. 
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Fig.7. The ‘head-bang’ test demonstrates the resonant frequency of a loudspeaker and 
damping effects - thanks to Isabella Rothman for modelling the technique. 


non-polarised capacitor of 1880pF (4 
x 470pF 35V in parallel) was inserted 
in series with the output. At 20Hz, and 
feeding a 4 kî load resistor, the maxi- 
mum power of 78W rms was reduced 
to 36W. Fig.6 shows these waveforms 
slightly clipped with the characteristic 
slope of reactive power limiting. The 
reactance caused most of the loss, 
being 4.23f2 and the ESR, 0.05£1 In 
theory, the peak dissipation of the 
output devices could be increased due 
to phase shiftbetween the current and 
voltage, but the capacitor’s phase angle 
is generally much less than that due to 
the loudspeaker’s varying impedance. 

Single-rail circuitry does require more 
capacitors for DC blocking, and the half- 
rail polarising voltage is advantageous 
if tantalum types are employed, since 
their distortion is reduced. 

(Do note that it’s a myth that coupling 
capacitors can be completely avoided 
in dual-rail DC-coupled audio circuits, 



Fig.8. A massive output capacitor has no 
distortion, but distorts one’s bank account. 


since switch clicks and pot scratching 
stili occur due to small offsets. Capaci¬ 
tors stili have to be used to block these.) 

Head banging and damping 

Some engineers claim an output ca¬ 
pacitor ruins the damping of the bass 
driver’s fundamental resonance. This 
is not the case, since the impedance of 
the capacitor [X c = 0 .7Fi for 4700pF at 
50Hz) is much less than the impedance 
of the voice coil at the speaker’s reso¬ 
nant frequency. If you need practical 
proof of this, listen to the resonance 
of a speaker using the ‘head bang test’ 
(shown in Fig.7) by banging a speaker 
next to one’s ear. This demonstrates 
the speaker’s resonance, which will be 
heard as a short, low-frequency tone. 
Banging it again with the terminals 
short circuited (to simulate the low 
output impedance of an amplifier) will 
damp the speaker and it will sound 
completely dead. Doing it again, but 
with a 2200pF capacitor connected 
across the speaker terminals will be 
equally damped. This shows the sub- 
jective issues with output capacitors are 
not due to reduced damping. 


Remember, the impedance of the 
speaker rises at resonance so the effect 
of the capacitor is even less at this fre- 
quency compared to the speakers nom¬ 
inal impedance. This gives rise to the 
paradox that for a given capacitor, the 
bass roll-off is at a lower frequency than 
that calculated for the speakers State d 
impedance value. Because of this effect, 
output capacitors are not as detrimental 
as believed when small closed-box Hi- 
Fi speakers are used. However, if the 
capacitor is too small there will be a 
bump in the frequency response at the 
resonant frequency and rapid bass loss 
below. There is an optimum value for a 
given speaker/box volüme for best bass. 
This became a technique developed by 
KEF who included abipolar electrolytic 
capacitor in series with the bass unit. 
(Note that ported enclosures are best 
driven directly - no output capacitor.) 

Massive attack 

The Sugden A48 went overboard in 
curing output power losses caused by 
the output capacitor. It used a huge 
10,000pF output capacitor (hence, very 
low reactance) to enable the amplifier 
to drive low impedances. Doug Self 
also showed that making the output 
capacitor very large (100,000pF, eg the 
one shown in Fig.8.) meant that the ca¬ 
pacitor distortion became insignificant. 

Negative feedback 

One way of reducing the problems 
associated with output capacitors (in 
single-rail designs) is to include them 
in the amplifier’s negative feedback 
loop. Taking negative feedback after the 
output capacitor almost eliminates its 
detrimental effects, apart from the low 
frequency power loss. The basic idea 
is shown in Fig.9, where the negative 
feedback is split into a DC path and an 
AC path to set the gain via the output 
capacitor. To reduce the capacitor dis¬ 
tortion effectively the resistance of the 
DC path needs to be 10x the AC path 
so there is 20dB of feedback remain- 
ing across the output capacitor. For 
dual-rail amplifiers (if a capacitor 
is used) a bipolar 
capacitor or two 
Standard electrolyt- 
ics connected back- 
to-back is needed 
since there is no 
polarising voltage. 


Next month 

In Part 3 we will 
conclude this short 
series by applying 
some of the ideas 
discussed to the 
MX50 amplifer. 



Fig.9. Incorporating a cheap output coupling capacitor in a feedback 
loop reduces its distortion and output impedance to that of a large 
expensive one. Engineering is often a case ofbrains vs material. 
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TEACH-IN 4 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 

INTRODUCTION 

This Teach-lrı series of articles was originally published 
in EPE in 2008 and, follovving demand from readers, has 
now been collected together in the Electronics Teach-ln 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a hoşt of practical 
programming and interfacing information, mainly for 
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microcontrollers. An extra four part beginners guide to 
using the C programing language for PIC microcontrollers 
is also included. 
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ELECTRONICS TEACH-IN 3 CD-ROM 
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the education and computing vvorld by storm. 



This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 


Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
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Projects, Pi Class, Python Ouickstart, Pi VVorld, Home 
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The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
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ali the Circuit softvvare for the course, plus demo CAD 
softvvare for use with the Teach-ln series’ Words for the 
cover; Discrete Linear Circuit Design* Understand linear 
Circuit design* Learn with ‘TINA’ - modern CAD softvvare* 
Design simple, but elegant circuits* Five projects to build: 
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With more than 80 high quality colour photo- 
graphs, this book explains the correct choice 
of soldering irons, solder, fluxes and tools. The 
techniques of how to solder and desolder elec¬ 
tronic components are then explained in a clear, 
friendly and non-teehnieal fashion so you’ll be 
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A roll of the dice 

Sometimes I have so many ideas buzzing around my 
poor old noggin that I don’t know whether I’m coming 
or going. Let’s start with the fact that one of my cur- 
rent hobby projects is to build a Countdovvn Timer us- 
ing Nixe tube-esque displays called Lixies (see EPE, 
November 2017). Fm using 12 of these bodacious LED- 
based displays, which are organised in pairs to repre- 
sent the years, months, weeks, hours, minutes, and sec- 
onds remaining to some auspicious event, such as my 
lOOth birthday, for example. 

The thing is, as ımıch as I like watching my little Lixies 
performing their magic (‘Show me a flashing LED, and 
ÎTİ show you a man drooling,’ as I always say), even I 
would get bored watching a simple countdown after a 
year or two. Thus, I decided to add to the visual interest 
by throwing in a few special effects. The first of these 
was to generate a series of random numbers (Fig.l). 

As you can see in this video (http://bit.ly/2yBWulT), 
we start by generating a new random number for each 
digit, and then display ali 12 digits for a short period. 
We repeat this aetion several times, after which we hold 
the final value for one second, and then we start ali över 
again. I don’t know about you, but I think this looks 
rather tasty. 

It’s ali in the timing 

The Lixies are based on WS2812 tri-colored LEDs (the 
same devices that are used in Adafruit’s NeoPixels). 
These little scamps can be daisy-ehained together, 
which means that you can drive a bunch of them using a 
single pin on your microcontroller (an Arduino Mega, in 
the case of my Countdovvn Timer). A Lixie comprises 10 
thin plastic sheets, each of which is illuminated by two 
WS2812 devices, so each Lixie contains 20 WS2812s. 
Since my Countdovvn Timer boasts 12 digits, this means 
we end up with 240 WS2812s daisy-ehained together. 

I’ve deseribed how WS2812s/NeoPixels work in pre- 
vious columns. Ali we need to remember here is that 
when we specify the RGB color values we wish to as- 
sociate with a WS2812, these values are stored in an ar- 
ray in the Arduino’s memory. It’s only when we use the 
show () funetion that ali of this data is streamed out to 
the physical LEDs. 

Without wandering off into the weeds, it would be ad- 
vantageous for us to know how long it takes to update our 
12-digit display. In most cases, when using an Arduino, 
this would be quite easy. The Arduino has a mili is () 



Fig.l. Generating random numbers 


By Max The Magnificent 

funetion that returns the number of milliseconds that 
have elapsed since the program started to run. So, given a 
choice, we might write a sketeh (program) like this: 

unsigned long startTime; 

unsigned long endTime; 

unsigned long elapsedTime; 

later... 

startTime = millis(); 

lixies.show(); 

endTime = millisO; 

elapsedTime = endTime - startTime; 

We could then use the Arduino’s Serial. print () 
funetion to display the elapsed time. There’s just one 
small problem here, which is that the register in the 
Arduino that contains the number of milliseconds ac- 
cessed by the millis () funetion is updated using an 
interrupt. The reason this is a problem is that the first 
thing the show () funetion does is to disable the Ar¬ 
duino’s interrupts (it re-enables them after it’s finished 
streaming the data to the LEDs). 

I didn’t know anything about this when I first started 
using WS2812s. It took me ages to work out why my 
programs were producing weird and wonderful results. 
The solution I opted for in this case was to measure 
the duration using an oscilloscope. The first step was 
to generate an appropriate sketeh. Ali this does is loop 
around generating a new random number for each Lixie, 
outputting the result, and then waiting lOms before do- 
ing it ali again (you can see this sketeh here http://bit. 
ly/2AGRKiL). 

The next step was to set this program running and 
observe the results on the oscilloscope. The results are 
illustrated in Fig 2. The green blocks reflect the time 
when the data is being streamed out to the Lixies. As 
you can see from the vertical cursors and the delta (A) 
value at the bottom, each burst takes about 7.2ms. 

On the one hand, 7.2ms seems quite a lot. On the other 
hand, it’s less than l/100th of a second, which means 
we can do ali sorts of things and stili update our display 
multiple times each second if we so desire. 

One thing that did surprise me is that the delays be- 
tween the green blocks are about 11.5ms (11.48 to be 
precise). As I mentioned earlier (and if you check the 
program), we have specified a lOms delay ourselves, so 
where does the extra 1.5ms come from? The only other 
thing we do is to generate a new random value for each 
digit. Personally, I’m surprised that generating 12 ran¬ 
dom values would consume 1.5ms, so this is something 
I plan on looking into to see if there’s a way I can stream- 
line things. 

Maybe, just maybe, I was wrong 

In an earlier Cool Beans column (see EPE, December 
2017), I explained how I wanted to be able to easily ex- 
periment with varying the variables used to control my 
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Fig.2. Bursts of data being streamed out to the Lixies 


Countdovvn Timer effects. As part of this, I discussed 
my ‘Hardware Rules, Software Drools,’ philosophy with 
regard to creating a physical (hardware) control panel as 
opposed to it’s virtual (software) equivalent. 

Well, I ended up building my hardware control panel 
(see EPE January 2018), but I think I may have had a 
change of heart. The more I noodle on this, the more I re- 
alise that using the Arduino’s Serial Monitor to implement 
a command-line interface could be rather efficacious. 

One of the reasons I fought so hard against using a Vir¬ 
tual control panel is my belief that it would slow my 
programs to a crawl. This is based on earlier experiences 
where I’ve used Serial. print () commands to output 
the values of variables över and över again while cycling 
around a loop. More recently, I’ ve been informed that 
there’s actually minimal overhead so long as you aren’t 
actually transmitting or receiving data. 

Suppose I have three variables I wish to control - Ini- 
tial rate (I), Sustain Time (S), and Decay Time (D). When 
my program starts running, it could assign default val¬ 
ues to these variables (say 100, 400, and 500, respective- 
ly). Meanwhile, I could display a ‘> ’ character/space 
combo in the Serial Monitor window on my PC. 

Now, suppose I enter ‘S 1000’ followed by pressing the 
Enter/Return key on my keyboard. Upon being informed 
that new serial data was available, my sketch could use 
this to update the value of my Sustain Time variable 
to be 1000. If I were to enter a ‘?’ character, my sketch 
could respond by displaying the current values of ali my 
variables, after which my Serial Monitor window might 
look like the following: 

> S 1000 

> ? 

I = 100 

S = 1000 

D = 500 

> 

For your delectation and delight, there’s a Serial In- 
put Basics thread on the Arduino forum that describes 
using the Serial Monitor to input and output textual 
and numerical data in excruciating detail (http://bit. 
ly/2xHiz4D). 

The more I think about this, the more I like it. In fact, 
I’m thinking about looking at some way to quickly and 


easily include this type of function- 
ality in ali my programs. 

Measure twice, cut önce... 

Following some water leaks, we re¬ 
cently had to have a lot of work done 
on our house. As part of this, my 
wife (Gina the Gorgeous) decided 
we needed some new kitchen coun- 
tertops. I was working from home 
while these were being installed. Be- 
tween the sound of drills and stone 
saws, I heard the happy chatter of 
the two 20-something lads as they 
performed the installation. Then si¬ 
lence fell. 


...alvvays! 

This wasn’t the kind of silence that 
portends the arrival of something 
exciting, fun, and interesting; it 
was the other şort. It was a silence 
that ali but screamed tidings of grim 
forebodings. I wandered into the 
kitchen to see what was going on. 
The two lads were standing in front 
of the hole they had cut for the stove top. The hole was 
about two inches wider than it should have been. 


They perform these installations ali the time. They 
couldn’t understand how they had come to make such 
an obvious mistake. I could. They had götten blase 
about things and had forgotten the old proverb ‘measure 
twice, cut önce’ (the Russian version is ‘measure seven 
times, cut önce’). This saying was originally associated 
with carpentry and needlework, but it applies to almost 
everything we do, including designing electronic Sys¬ 
tems. It’s always worth rechecking your measurements 
before taking any actions based on them. In the case of 
something that’s mission- or safety-critical, in addition 
to measuring two or more times, multiple people should 
independently perform the same measurements and 
then compare results. Doing this would have saved the 
aforementioned lads a lot of heartache when they came 
to communicate the situation to their boss. 

So long, and thanks for ali the fish 

Now we come to the part I’ve been dreading. I hate to 
have to teli you that this is going to be my last Cool 
Beans column in EPE. The problem is that I’m the Edi¬ 
tör in Chief of the EEWeb.com website, and this is now 
consuming ali of my time. 

EEWeb is the place to see and be seen with regard to 
electronic design and verification tools, and our forums. 
In fact, you may have heard from Alan Winstanley that 
the EPE Chat Zones are shutting down (sad face), but 
that everyone is moving över to the EEWeb.com forums 
(happy face). Furthermore, Alan has set up a special 
EPE Magazine group in the forums just for us (see page 
47 in this issue of EPE for more details). 

If you’ve enjoyed my Cool Beans columns in EPE, 
you’ll be happy to hear that I also write articles about 
my hobby projects and anything else that piques my 
interest över on EEWeb. For example, take a peek at 
my Don’t be the Second Banana offering (http://bit. 
ly/2AHQXOE), which introduces ali sorts of interesting 
nuggets of knowledge, such as the difference between 
the Standard banana ( Bananus Vulgaris) and its antipo- 
dean counterpart ( Bananus Australis). 

And so, I bid you adieu, but remember that I’m only 
ever an email away: max@clivemaxfield.com. Until we 
meet again, have a good one! 
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PCB SERVİCE ü 

CHECK US OUTONTHEWEE 






Basic printed Circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, and 
are drilled and roller tinned, but ali holes are a Standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to both 
sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, vvhere applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

Ali prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynvvood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and made 
payable to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 


PROJECT TIIIE 


ORDER CODE COST 


JÖNE'16 

Infrasound Snooper 

Audio Signal Injector and Tracer 

- Shield Board 

- Demodulator Board 

04104151 

04106151 

04106153 

04106152 

£7.50 

£9.64 

£7.48 

£5.36 

Champion Preamp 

01109121/22 

£8.29 

JOLY'16 

Driveway Monitor - Detector Unit 

- Receiver Unit 

USB Charging Points 

15105151 

15105152 

18107151 

£11.80 

£7.50 

£5.00 

AOG’IO 

Low-cost Resistance Reference 

USB Power Monitor 

04108151 

04109121 

£5.36 

£12.00 

SEPT’16 

LED Party Strobe 

Speedo Corrector 

16101141 

05109131 

£9.80 

£12.00 

OCT’16 

Arduino-Based USB Electrocardiogram 

100W Switchmode/Linear Bench Supply - Part 2 

07108151 

18104141 

£9.79 

£20.83 

nov’io 

Fingerprint Access Controller- Main Board 
- Switch Board 

031091511 

03109152/ 

£12.88 

DEC 10 

Universal Loudspeaker Protector 

9-Channel Infrared Remote Control 

Revised USB Charger 

01110151 

15108151 

18107152 

£12.88 

£16.42 

£5.36 

JAN’17 

High-performance Stereo Valve Preamplifier 

High Visibility 6-Digit LED Clock 

01101161 

19110151 

£17.75 

£16.42 

FEB17 

Solar MPPT Charger/Lighting Controller 

Turntable LED Strobe 

16101161 

04101161 

£17.75 

£7.60 

MARCH17 

Speech Timer for Contests & Debates 

19111151 

£16.42 

APRIL17 

Microwave Leakage Detector 

Arduino Multifunctional 24-bit Measuring Shield 
- RF Head Board 

Battery Pack Celi Balancer 

04103161 
04116011 1 
04116012/ 
11111151 

£8.00 

£17.75 

£9.00 

MAY 17 

The Micromite LCD BackPack 

Precision 230V/115V 50/60Hz Turntable Driver 

07102122 

04104161 

£11.25 

£19.35 

JÖNE 17 

Ultrasonic Garage Parking Assistant 

Hotel Safe Alarm 

10OdB Stereo LED Audio Level/VU Meter 

07102122 

03106161 

01104161 

£10.45 

£8.00 

£17.75 

JULY 17 

Micromite-Based Süper Clock 

Brownout Protector for Induction Motors 

07102122 

10107161 

£10.45 

£12.90 


PROJECT TITLE 


ORDER CODE COST 


AOG '17 

Micromite-Based Touch-screen Boat 

Computer with GPS 

Fridge/Freezer Alarm 

07102122 

03104161 

£10.45 

£8.00 

SEPT’17 



Compact 8-Digit Frequency Meter 

04105161 

£12.88 

NOV’17 



50A Battery Charger Controller 

11111161 

£12.88 

Micropower LED Flasher (45 x 47mm) 

16109161 

£8.00 

(36 x 13mm) 

16109162 

£5.60 

Phono Input Converter 

01111161 

£8.00 

DEC 17 



Precision Voltage and Current Reference - Part 2 

04110161 

£15.35 

JAN'18 



High-Power DC Motor Speed Controller - Part 1 

11112161 

£12.88 

Build the SC200 Amplifier Modüle 

01108161 

£12.88 

FER'10 



GPS-Syncronised Analogue Clock Driver 
High-Power DC Motor Speed Controller - Part 2 

04202171 

£12.88 

- Control Board 

11112161 

£12.88 

- Power Board 

11112162 

£15.30 


Back numbers or photocopies of articles are available if required - see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


* See NOTE left regarding PCBs with eight digit codes * 

Please check price and availability in the latest issue. 

A large number of older boards are listed on, and can be ordered from, our vvebsite. 

Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 

VVhere available, software programs for EPE Projects can be downloaded free 
from the Library on our website, accessible via our home page at: 

www.epemag.com 

PCB MASTERS 

PCB masters for boards published from the March ’06 issue onwards are 
available in PDF format free to subscribers - 
email fay.kearn@wimborne.co.uk stating which masters you would like. 


EPE PRİNTED CIRCUIT BOARD SERVİCE 
Order Code Project Ouantity Price 

Name. 

Address. 

Tel. No. 

I enclose payment of £.(cheque/PO in £ sterling only) 

to: Everyday Practical 

Electronics 


VISA 


Card No. 

Valid From.Expiry Date 

Card Security No. 

Signature. 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our vvebsite on a secure server: 

http://www.epemag.com 
























































If you want your advertisements to be seen by the largest readership at the most economical price our classified page 
offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. Ali semi-display adverts have a vvidth of 5.5cm. The prepaid rate for classified adverts is 40p (+VAT) per 
word (minimum 12 vvords). 

Ali cheques, postal orders, ete., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, VVimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising please contact our 
Advertisement Manager, Stewart Kearn as above. 


BOVVOOD ELECTRONICS LTD 

Suppliers of Electronic Components 

www.bowood-electronics.co.uk 

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200 222 

Send large letter stamp for Catalogue 


INCREASED RANCE OF 
COMPONENTS 
both electronic and hardware 
Small Çuantities @ LOW COST 
For The Small Manufacturer 
And Home Builder 
Orders över £25 free delivery 
vwwqjartrkJgeelert 


ADVERTISE HERE FOR 
JIIST £25 +VAT GALL 
STEWART KEARN 
ON 01202 @00200 

,STEWART-KEARN@WIMB0RNE-C0-UK 


MISCELLANEOUS 


PIC DEVELOPMENT KUS, DTMF kits and 
modules, CTCSS Encoder and Decoder/ 
Display kits. Visit www.cstech.co.uk 

VALVES AND ALLIED COMPONENTS İN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


KİTS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, C015 3RB, http:// 
sir-kit.webs.com 

r CANTERBURY WINDINGS ^ 

UK manufacturer of toroidal transformers 
(lOVAto 3kVA) 

Ali transformers made to order. No design fees. 
No minimum order. 

www.canterburywindings.co.uk 

l 01227450810 j 


Everyday Practical 
Electronics reaches more UK read- 
ers than any ot her UK monthly 
hobby electronics magazine, our 
sales figures prove it* 

We have been the leading monthly 
magazine in this market for the last 
fwenty*seven years* 


Design Projects Ltd. 

A small, custom engineering company, 
are looking for electronics engineers 
that work from home and may have 
experience in both digital and analogue 
PCB’s, and may be interested in 
designing and manufacturing custom 
made, one-off or small bateh items. 
For further information please visit: 

www.designprojects.eu.com 

or 

email: info@design-projects.com 
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Next Month 


MARCH '18 ISSUE ON 
SALE1 FEBRUARY 2018 


Stationmaster 

Want to build a walk-around throttle for your model railway layout? We have a design that is 
easy to build yet provides useful features such as adjustable inertia, emergency braking and 
PWM control. İt includes a separate hand controller, which you can plug into various sockets 
around your layout. 

SC200 audio amplifier - Part 3 

İn this third instalment, we'll provide the SC200's performance details, the required power 
supply, and the testing and set-up procedure. Plus, we'll explain how to build lower-power 
versions of the amplifier. 

Low-cost Electronic Modules - Part 2 and 3 

We've a double bili for you next month. İn our second article on cheap pre-built electronics 
modules vve're focusing on the HC-SR04 ultrasonic distance sensor modüle. We describe 
how the modüle works and show how it can be used as a hallvvay monitor or door sentry. 

İn the third article, we1l look at Computer interface modules. If you want to connect a 
microcontroller to your PC, or interface with a microSD memory card then the low-cost 
modules that are now available make life really easy! 

Teach-ln 2018 - Part 6 

Next month's Teach-irı 2018 will look at audio frequency tests and measurements. Our project will 
feature a low-distortion audio frequency test signal source. 

PLUS! 

Ali your favourite regular columns from Audio Out and Circuit Surgeryto Electronic Building 
Blocks, PIC n' Mix and Net Work. 

Content may be subject to change 
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Selling Electronics in ChesterfieIdfor 29 

Öpen Monday to Friday 9am to 5:30pm 
And Saturday 9:30am to 5pm 


• Aerials, Satellite Dishes & LCD Brackets 

• Audio Adaptors, Connectors & Leads 

• BT, Broadband, Netvvork & USB Leads 

• Computer Memory, Hard Drives & Parts 

• DJ Equipment, Lighting & Supplies 

• Extensive Electronic Components 
- ICs , Project Boxes, Relays & Resistors 

• Raspberry Pi & Arduino Products 

• Replacement Laptop Povver Supplies 

• Batteries, Fuses, Glue,Tools & Lots more. 

T: 01246 211202 
E: sales@jpgelectronics.com 
JPG Electronics, Shavv’s Row, 

Old Road, Chesterfield, S40 2RB 
W: www.jpgelectronics.com 
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CALLING ALL EPE 
SUBSCRIBERS 

If you are one of our valued subscribers then 
please note that we are changing the way we 
send subscription renevval reminders. 

Instead of sending you a renevval card, we will 
now print a box on the address sheet, which 
comes with your copy of EPE. 

This box vvill advise you of the last issue in 
your current subscription. 

To renew you vvill have three choices: 

1. Cali us on: 01202 880299 

2. Visit our vvebsite at: www.epemag.com 
3.Send a cheque to: 

VVimborne Publishing Ltd, 113 Lynwood Drive, 
Merley, VVimborne, Dorset BH21 1 UU 


Retail & Trade VVelcome • Free Parking • Google St Vi 
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Tired of VVaiting 
For Programming? 

MPLAB® ICD 4 Next-Generation 



Debuggerand Programmer 
Programs 2x Faster! 


Using a 300 MHz 32-bit MCU with 2 MB of buffer memory, the MPLAB® ICD 4 programs 
at tvvice the speed of its predecessor. Speed and flexibility are the most important 
factors vvhen selecting a debugging tool.The MPLAB ICD 4 reduces vvait time—and 
in turn—improves debugging productivity. VVith speed, compatibility, durability, 
comprehensive device support and the avvard-vvinning MPLAB X IDE, the MPLAB ICD 4 
is sure to help you win vvith your design. 

► Debugs tvvice as fast vvhen compared to the ICD 3 

► Robust metal enclosure vvith easy-to-read indicator light 

► VVider target voltage range than the ICD 3 

► Optional 1 amp of povverto target 

► Programmable adjustment of debugging speed for optimised programming 

► 4-wire JTAG compatible 



MPLAB ICD 4 
(DV164045) 


m D!KECT MİCROCHİP 

www.microchipdirect.com 

www.microchip.com/ICD4 


The Microchip name and logo, the Microchip logo and MPLAB are registered trademarks of MicrochipTechnology Incorporated in the U.S.A. and other countries. Ali othertrademarks are the property of their registered ovvners. 
© 2017 Microchip Technology İne. Ali rights reserved. DS50002577B. MEC2171Eng08/17 
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LoRa - Sigfox technology 

Protect - Follow - Measure 
Control - Track - Trace 
Everything 
Everywhere 

We make OEM versions for: Drones - Pumps - Machines - Rentals - Vehicles - 
Smart Cities - Security - Transportation - Lightning - Agriculture - Tools - 
Waste Management - Industrial IoT - Water meters - Electricity - ete 
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